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The Use of Sewage for Irrigation 
after Treatment in Septic Tanks 
in Tropical Countries. 


HE disposal of sewage, or the waste 
products of human and animal life, 
is becoming in all countries one of 
the most pressing questions of the 

present time, owing to the rapid increase 
in the population and consequent conges- 
tion entailed. The disposal of the sullage 
of large towns is a matter of the utmost 
importance and difficulty, and on it rests 
the health of the community. Each case 
must be treated separately and in a special 
manner, owing to the varying local condi- 
tions, due to the various situations and 
natural environments of the towns. 

In tropical countries all the difficulties 
inherent in dealing with sewage questions 
are accentuated. The monsoon rainfall, 
extending over a very limited period, is 
followed by the cold weather or winter 
season, with a small and almost inappre- 
ciable fall, and is in turn succeeded by the 
hot weather, with none. 


It will be at once apparent that the 


sewage water to be dealt with is greatest 
during the monsoon rains, when the earth 
is soaked with moisture and the land 
requires no irrigation ; while in the hot 
weather everything is dried up and parched 
by the heat ; but at this season the sewage 
is least in volume, though greatest in 
strength. 

Again, during the cold weather, when 
the sullage supply is still large, very little 
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is required for cultivation. owing to the 
heavy tropical dews during this season. 

In spite of these drawbacks, sewage 
water can be used to very great advantage 
for irrigation, and the excess quantity not 
required for the land can be so purified 
as to permit its being discharged into 
rivers or streams Without contaminating 
them. 

This article deals only with _ small 
schemes, suitable for medium-sized muni- 
cipal towns and small communities, such 
as jails, hospitals and similar institutions, 
and an attempt has been made to show 
how the sewage from such sources can be 
turned to profit, instead of being, as is 
now too often the case, a source of ex- 
pense and in many instances a public 
nuisance. 

The economic disposal of sewage for 
small towns is much the same in all 
countries, but in the tropics the difference 
between good and bad treatment is accen- 
tuated owing to the extreme climatic 
conditions, which define the seasons 
more exactly than in the case of temperate 
zones, 

The sewage of manufacturing towns is 
often contaminated by waste products 
being discharged into the sewers in such 
quantities as to render it unfit for use for 
irrigation. These waste products may 
contain so large an excess of acid or 
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alkali as to affect the whole sullage, but 
in the case of domestic sewage there is 
but little variation. The constituents of 
an average domestic sewage in the 
temperate zone are :— 

In Solution. 


Solids “ 50°54 
Organic carbon ... = 3°28 

a nitrogen 1°54 
Ammonia ... - me 4°70 
Chlorine. re mre 7°46 

Suspended. 

Mineral ane 16°92 
Organic 14°36 


In the tropics the following is a fair 
average of crude sewage :— 


Total solids _ ea 48 
Suspended do. is 22 
Chlorine... 3°5 
Free ammonia o a 1’0 
Albuminoid ammonia a 1’0 


The nitrites and nitrates are practically 
nil, and the sewage varies much during 
different hours of the day, being strongest 
in the mornings and evenings and weakest 
during the middle of the day and night. 

The free dilution of the sullage with 
water from the washing places, usually 
attached to all institutions in the tropics, 
tends to reduce the proportion of sus- 
pended to total solids, as a general rule, 
to about two to one. 

From small installations the mineral 
solids are practically nil, and it is only in 
town sewage, where road washings are 
discharged through the sewers, that any 
appreciable amount of mineral solids are 
to be expected. 

In India, practically the whole of the 
animal dung, which should be available 
to manure the land, is used for making 
fuel by mixing it with straw, grass, leaves 
and vegetable refuse. The sewage there- 
fore consists almost entirely of human 
excreta, which, as a rule, is wasted by being 
deposited in out-of-the-way places, usually 
in large clumps of prickly pear, which 
form the public latrines of most towns, 
and are a public nuisance. 

By the establishment of suitable latrines 
with a copious supply of water coupled 
with a installation of septic tanks, the 
nuisance could be converted into a source 
of profit to the community. 
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Sewage may be applied to the land 
either in a crude or purified state. 

Crude sewage is difficult to use owing 
to the suspended solid matter and the 
offensive smell given off under a hot sun. 

Land which could not possibly be 
irrigated with crude sewage can be pro- 
fitably cultivated with the effluent from 
septic tanks. For crude sewage, a sandy 
and porous soil is imperative, to allow 
of rapid ensoakage ; while with the effluent 
from septic tanks, loam, heavy and even 
clay soils can be irrigated without any 
offensive odour. 

The effluent from septic tanks, though 
having no smell and being nearly in- 
noxious, is still hardly pure enough to 
discharge into streams or rivers unless 
there is a comparatively large volume of 
flowing water to dilute it. 

The effluent can, however, be further 
purified by passing it through aérobic 
filters of coal, brick, or broken stone, so 
that during the rainy season, when irriga- 
tion is not required, the purified sullage 
can be discharged into the rivers without 
contaminating them. 

An aérobic filter is always a useful 
appendage to a septic tank, as although, 
generally, the flow in the streams would 
be sufficient to dilute the effluent from 
the tank, there are sometimes periods of 
short rainfall, when the discharge of the 
stream (which in tropical countries rapidly 
diminishes as soon as the rain ceases) 
would hardly be enough to dilute the 
effluent ; while, owing to cloudy weather 
and small evaporation, it might be 
inadvisable to turn it into the land. 

The chief characteristic of sewage 
irrigation is luxuriant plant growth, the 
crops being exceedingly heavy and succu- 
lent. With crude sewage the sullage 
water can only be applied to the land by 
furrow irrigation, between the lines of 
plants ; but with the effluent from septic 
tanks, flooding by check levees, or any 
other means of applying the water gener- 
ally followed in ordinary irrigation can 
be practised, the only difference being 
that the effluent contains dissolved fer- 
tilising agents. 

Moreover, there is no deposit of slime 
on the surface of the land, which is one 


























The Use of Sewage for Irrigation. 









: 
a ——— SUPPLY CHANNE 






































SECTION. — 





FIG. I.—DETAILS OF SEPTIC TANK. 


of the greatest drawbacks to the use of 
crude sewage. 

The fertilising properties of the sewage 
are rather increased than diminished by 
purification in septic tanks. 

In the same way, there is no loss of 
fertilising power by further purifying the 
effluent from septic tanks by passing it 
through aérobic filters; the crops grown 
from the purified effluent being about 20 
per cent. better than those grown from the 
sewage treated only by septic tanks. 

Septic tanks for the purification of 
sewage are essentially simple in design, 
construction, and use, and consist of one 
or more rectangular compartments with 
masonry side walls, in which the sewage 
is collected and through which it flows 
at a velocity of about 2oft. per hr. In 
other words, the sewage remains in the 
tanks for from 8 hrs. to 10 hrs., a con- 
tinual flow being maintained by gradually 
drawing off the effluent at one end as the 
crude sewage enters at the other. 

In order to prevent a too rapid and 
direct flow from inlet to outlet, obstruc- 





tions are placed in the path of the current, 
so as to cause a slight up-and-down motion 
in the contents of the tank as the sewage 
passes through it. 

These obstructions are usually low cross- 
walls on the bed of the tank, and planks 
of wood near the surface. 

The purification of the sewage is effected 
by the action of myriads of bacteria, which 
attack the solid matter, converting it into 
liquids and gases. The soluble gases are 
dissolved and absorbed by the water in 
the sullage, while the insoluble escape 
from the surface. 

A scum, rin. to 3ins. in thickness, 
forms on the surface of the tanks, through 
which the gases escape in bubbles. These 
gases are inflammable, and a sheet of 
flame over the surface of the scum can be 
obtained by igniting them. 

The gases given off consist chiefly of 
carbonic acid (CO,), hydrogen, nitrogen, 
and marsh gas (CH,). The action of a 
septic tank, followed by the treatment of 
the effluent in an aérobic filter, results in 
the breaking down of all solid matter, 
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¥IG, 2.—DETAILS OF AEROBIC FILTER. 


great reduction in the amount of free 
albuminoid ammonia, coupled with the 
production of nitrites and nitrates, while 
the amount of chlorine remains practically 
unaltered. 

The action is quite automatic, no 
attendance is required, nor is there any 
recurring expense, except the occasional 
cleaning of the filter, say once a year. It 
is advisable to cover in all septic tanks, 
as the rain, beating on the scum, disturbs 
the surface and interferes with the action 
of the bacteria, resulting in a less pure 
effluent. Practically all the solids are 
broken down and dissolved or given off 
in the form of gas, but there is a small 
quantity of insoluble matter, which is 
deposited on the floor of the tank, amount 
ing in a year to from 6 ins. to a foot in 
depth, which should be cleared out at 
intervals. 

Plan and sections of a septic tank are 
shown in Fig. 1. The crude sewage 


enters near the bottom of the tank through 
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the pipes 4. Cross walls BBP are built 
about 2 ft. in height across the tank to 
arrest the velocity of the flow. The 
effluent is taken off about 18 ins. below 
the surface by the slotted pipe C, and is 
conveyed by the channel £ to the land to 
be irrigated. The small chamber D is 
used for the periodical cleansing of the 
tank, which is effected by opening the 
valves ¥, when the sludge collected on 
the bottom of the tank can be washed 
through and deposited in a cess-pit near 
the tank. The roof of the tanks is pre- 
ferably constructed of masonry arch-work, 
but corrugated iron or any other form of 
roof can be used, the main point being to 
protect the surface scum from any possi- 
bility of being disturbed. 

The planks G G are placed across the 
tank to cause a slight up-and-down motion 
in the flowing sewage, as this assists the 
action of the bacteria in breaking down 
the solids. 

By the process described above the 
sewage is purified about 80 per cent., and 
the effluent, possessing high fertilising pro- 
perties, is fit for immediate application to 
the land for irrigation, and is practically 
inodorous. In arid countries about 4,000 
gals. per day are required for each acre 
of land to be irrigated, but good porous 
or sandy soil will absorb double this 
quantity with advantage, especially during 
the hot weather. A floor area of 2,200 
sq. ft. in the tank should be provided 
for each acre to be irrigated, with tanks 
in which the depth of sewage is four feet. 

It is advisable to construct the tanks in 
compartments of 20 ft. by 10 ft., as each 
tank will then represent one acre of irriga- 
tion, and the installation can be gradually 
increased, as the volume of sewage grows 
larger, by simply adding to the number 
of tanks, without disturbing the general 
arrangement of the scheme. 

One hundred persons will generally 
provide sufficient sewage for the irrigation 
of an acre ; but a much larger quantity of 
purified sullage can be used, if the area 
available for cultivation is limited. 

It is always better to use too little 
effluent than too much, as, although the 
land may be able to absorb a larger 
amount than that actually required by 


























the crops, it may in time, become water- 
logged. The best results can be obtained 
by applying only the quantity of effluent 
required for the full development of the 
crop. 

As already stated, the effluent from 
septic tanks can be further purified by 
passing it through aérobic filters, which 
in their simplest form are small chambers 
of masonry about 3 ft. in depth filled with 
coke, coal or broken brick, on to which 
the effluent from the septic tanks is 
allowed to drip from perforated 
pipes, as illustrated in Fig. 2. 
The crude sewage having been 
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purified about 80 per cent. by 
its passage through the septic / 
tanks, is by further treatment in 
aérobic filters, purified 95 per 
cent.; requiring only about 12 
mins. to pass through the filter. 

The process is purely aérobic 
and automatic. The effluent 
from the septic tanks is dis- 
tributed from holes bored in 
the pipes 4A, and after being supplied 
with oxygen, to give life to the bacteria 
during its passage through the filter, it is 
discharged into the drain B through the 
pipes CC inserted in the side walls of 
the chamber. 

Instead of employing perforated pipes 
for the distribution of the effluent, tipping 
troughs of any convenient form, which 
automatically spread the sewage water 
over the surface of the filter, as soon as 
they become full, can be used, as shown 
in Fig. 3. The gradual discharge from 
perforated pipes is however preferable, as 
the action of the tipping troughs tends to 
disturb the surface of the filtering material 
and form ridges. 

In all forms of aérobic filters, the size 
of the filtering material is more important 
than its composition, but rough surfaces 
such as coke, coal and brick give better 
results than comparatively smooth parti- 
cles like broken stone. 

The bottom foot in depth of filtering 
material should be from }-in. to 1-in. 
cubes, the upper may vary from }-in. to 
}-in. in size, but the material should be 
sharp and clean. No fine sand or dust 
should be used, as it tends to clog the 
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FIG. 3.—-DETAILS OF TIPPING TROUGH. 





























FIG. 4.—COL, DUCAT’S FILTER. 


spaces between the larger particles, and 
prevents the free oxidization of the fluid. 

From two to three feet is the best depth 
of filtering materials, and though slightly 
better results can be got from deeper 
filters, the extra fall required to work them 
can rarely be obtained without loss of 
irrigating power or resort to some sort of 
pumping. 

The results given by coal and coke 
filters are invariably good, but the material 
requires careful washing before it is placed 
in the filters, otherwise the effluent carries 
off the small particles, and will be dark- 
coloured for a considerable time. 
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The simple filter described can only be 
used for the effluent from septic tanks, or 
for sewage which has received some 
previous anaérobic treatment. Crude 
sewage can under no circumstances be 
discharged on to such a filter without fear 
of clogging up the spaces between the 
filtering material. These filters are con- 
tinuous in their action, receiving the 
effivent from the septic tanks, either from 
the drippings from the supply pipes or from 
the tipping troughs, as they gradually fill 
and automatically overturn. 

An average analysis of the effluent 
discharged from such filters is given in the 
table below :— 
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delivered direct to the filter. The best 
type of this class is that invented by 
Col. Ducat, and its design is based on 
the fact, that by a free and continuous 
supply of oxygen to the sewage, as it drips 
through the filtering material, the aérobic 
bacteria are largely increased in numbers 
and their work in breaking down the solids 
facilitated. 

In Col. Ducat’s design this result is 
attained by piercing the side walls of the 
filter with numerous pipes, 3 ims. to 4 ins. 
in diameter, the inner ends of the pipes 
being lower than the outer, so as to 
prevent any leakage of the sewage effluent 
during its passage through the filter. At 


Burnt Brick Filter. 














Solids. a ae Chlorine. PS... eG Nitrites. Nitrates. 
40°00 Nil. 4°80 3°320 07098 0°368 Abundant. 
27°00 Nil. 3°10 o'116 0°132 0°552 6°80 
21°00 Nii. 3°00 0°584 0°088 0°1004 0°88 
Coal Filter. 

20°00 Nil. 3°00 0'176 0°084 0°496 3°90 

18 ‘00 Nil. 3°20 0°334 0088 0°056 6°30 
22°00 Nii. 3°40 0°005 0°024 0°0506 8°35 











The aérobic filter just considered pos- 
sesses the great advantage that it can be 
successfully worked with a head of from 
only 2 ft. to 3 ft. This low working-head 
is a matter of the utmost importance ; 
even with this slight loss it is often im- 
possible to get the purified sewage on to 
the land to be irrigated, without resorting 
to pumping either the crude sewage or the 
effluent. 

In the tropics, where the work of the 
bacteria is helped by the heat, sewage can 
be purified 99°6 per cent. in a septic tank, 
when followed by the treatment of the 
effluent in an aérobic filter, with a loss of 
head of only 3 ft. 

We may now consider briefly another 
class of aérobic filter in which sewage can 
be purified without any previous treatment 
in septic tanks, the crude sewage being 





short intervals perforated pipes, connected 
to the inner ends of the wall pipes, are 
run horizontally through the filtering 
material. 

The construction of the filter will be 
readily understood by a reference to Fig. 4 ; 
the filtering material being burnt brick or 
coal, the first two or three feet in depth 
broken to from } to }-in. cubes, followed 
by three ft. in depth of 4-in. cubes, the 
bottom layer being of the same sized 
material as the top. The sewage is de- 
livered by tipping troughs and requires 
from 40 to 45 mins. to pass through the 
filter. Crude sewage can be purified 95 
per cent. at the rate of 500 gals. per sq. yd. 
per diem. 

A fair average analysis of crude sewage 
from small communities and of the effluent 
from the Ducat filter are given below. 
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Analysis of Crude Sewage. 



























































3 ce | Ammonia. 
Total Solids. 3 Chlorine. — ; Nitrites. Nitrates. 
ah ues Albumi- 
Dn _— noid. 
232°00 192°00 5°00 2°64 096 |S Nil. Nil. 
Mineral Solids ... e as ies ...| = 86°00 
Suspended Solids = 192°00 
500°00 390°00 8°40 2°54 1°88 Nil. Nil 
Dissolved Solids ma Me fe oes] EIS 
410°00 350°00 3°80 2°452 1°80, Nil. Nil. 
Dissolved Solids = 60°00 
Average 380°67 310°67 5°73. 2°531 1°253 | Mil. Vil 
Analysis of Effluent. 
52°00 Nil. 6°00 0°132 0088 oll 14°50 12-12-00, 
Organic Solids ... = 44°00 8°15 A.M. 
Mineral Solids ... ses -»| &. SOO 
58°00 Nil. 5°80 | 0°005 0052 0°0276 12°66 14-12-00, 
2°45 P.M. 
54°00 Nil. 4°30 0°096 0°062 0°05 13°50 16-12-60, 
7.45 P.M. 
Average ... 54°67 Nil. 5°367 | 07077. 0°067 | 0°625 | 13°555 | 





The only drawback to the Ducat filter 
is the great depth, generally about 8 ft., 
required for the complete purification of 
the sewage. The filters are continuous 
and automatic in their action, and seldom 
require cleaning. ‘The effluent is exceed- 
ingly good, and a greater amount of 
sewage can be dealt with by them, in a 
shorter time and on a smaller area, than by 
any other form of treatment. 

We may now turn our attention to two 
questions second only in importance to the 
purification of the sewage—viz. the effect 
of continued application of the effluent to 
the land, and the most remunerative crops 
to grow. 

As already stated, crude sewage should 
never be used; it rapidly coats the land 
with a layer of decomposing organic 
matter, resulting in the land becoming 
“sick,” and creating a nuisance. Again, 


while the crops grown from the purified 
effluent are luxurious and succulent, the 





crops from land treated with crude sewage 
are rank and coarse: 

With purified sewage the condition of the 
land gradually improves, and 5,000 gals. of 
effluent per acre per day can easily be used, 
with a larger quantity on sandy or porous 
soil. In spite of the large quantities of fer- 
tilising material contained in the effluent, 
the land, when continuously cropped, is 
apt to get exhausted, owing to the rapid 
growth of the crops under a tropical sun ; 
it is therefore always advisable to allow 
one quarter of the area to lie fallow for 
short periods, so as to give the land 
a rest. In India green fodder crops 
are the most lucrative, and the sewage 
being generally only available near large 
towns, there is always an assured market. 
Vegetables thrive well on land irrigated 
by the purified effluent, such sorts as 
cabbages, cauliflowers and similar plants 
quickly attaining a great size without 
becoming in any way rank or coarse. 








488 


Irrigation by means of furrows is usually 
practised, but basin irrigation and flood- 
ing by check levees may with advantage 
often be resorted to. 

The most paying crops are lucerne, 
or alfafa, jowari, guinea-grass and maize. 

The lucerne is cropped over and over 
again ; the roots spread in a mat under 
the ground and the return improves 
month by month. The out-turn is slightly 
under 2§ tons per acre per cutting, and a 
crop a month can easily be grown at this 
rate. 

Maize, with a crop once in six weeks, 
gives an out-turn of about 10 tons per 
acre per cutting. 

Jowari will give a fodder crop once in 
two months, the out-turn per acre, per 
cutting, being about 18 tons. 

Maize and jowari require sowing anew 
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for every crop, while lucerne and guinea- 
grass only require cutting. 

Root crops, such as turnips, carrots, 
beet, etc., flourish with effluent irrigation, 
and there is generally a ready market for 
such vegetables. 

Plantains and other similar fruit-trees 
may with advantage be grown round the 
outskirts of a sewage farm. 

One overseer, five gardeners, and 20 
labourers could easily cultivate seven 
to eight acres, one quarter of .the area 
being always allowed to lie fallow; and, 
considering the low rates of wages in 
India, a profit of from 15 to 20 per 
cent. on the total capital outlay may be 
anticipated. 

Better results have already been attained 
under most unfavourable conditions of soil 
and climate. 


E. 0. MAWSON 
(P.W.D., Bombay). 
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Foundry Core-making Machines. 





LTHOUGH machines for producing 
cores have been on the market for 
many years, yet, owing to the ten- 
dency amongst many foundry 

managers to consider machines for this 
purpose as somewhat in the nature of a fad, 
developments in this class of machinery 
have not been considerable. When one 
considers the usual methods of making 
cores in the average foundry, and thinks 
of the slow process of producing a core of 
? in. diameter by 1o ins. long, using a 
wooden core-box, and ramming each halt 
by hand, it appears that in many cases 
a suitable core-making machine would 
easily reduce the cost of production, be- 
sides increasing the output. Many times, 
when discussing the cost of core making 
with foundrymen, the writer has been 
met with the statement, “Oh, our small 
cores are made by the boys, and cost 
practically nothing for labour,” forgetting 
that the wooden core-boxes used are costly 
to produce, and unless carefully used and 
kept in repair the cores made are far from 
the desired shape. 

Of course, if tubes are used for round 
cores better results are obtained; but, 
even with the smoothest tubes possible to 
procure, it is difficult to make a round 
core over a few inches in length, and a 
greater amount of skill is necessary io 
ensure the core being made with a proper 
vent-hole. A large number of short square 
or round cores, such as are used for bolt- 
holes, etc., and are required to be sent to 
the moulder the right length, can always 
be made very rapidly in iron 
boxes, containing, perhaps, up 
to a dozen cores. Messrs. 
Dobson & Barlow, Bolton, make 
cores of the above description 
in iron blocks, turning them out 
at a greater rate per hour than 
any machine I have seen could 
attempt. I believe a Manches- 
ter firm some years ago ex- 
perimented with a machine for 
making both small round and 
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square cores, on the principle of forcing 
the sand through a metal block with six 
or eight holes of the section required ; but 
difficulties were experienced in venting 
and handling the cores. 

A good point in favour of machine- 
made cores, when compared with the 
hand-made from halved core-boxes, is the 
great advantage to the machine depart- 
ment in boring out a cored hole if it be 
perfectly round and straight when given 
into the machinist’s hands; most cores 
made from the usual core-boxes being 
more or less oval, according to the con- 
dition of the boxes. Various other points 
are put forward by the makers of core- 
making machines, some of which are 
good, others doubtful, and in the follow- 
ing description of a few machines now 
being offered by various makers, most of 
which have been personally worked, it is 
intended to illustrate and point out the 
advantages and disadvantages of the 
several types. 

A core-making machine in extensive use 
on the Continent, and which, during the 
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"IG, I.—THE PHILLIPS CORE-FORMING MACHINE, 
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FIG. 2. 
SOME DETAILS OF THE PHILLIV?S CORE-FORMING MACHINE. 


last five years, has been adopted by many 
leading firms in this country, is the Phillips 
core-forming machine, illustrated by Fig. 1, 
sold by Messrs. J. W. and C. J. Phillips, 
London. This machine is made in four 
sizes, the smallest making cores to 2 ins. 
diameter by 114 ins. long, and the largest 
up to 12 ins. diameter by 16 ins. long. The 
action of the machine is very simple, the 
sand being fed into the mould from the 
flat table top as shown,*the operator 
taking care to ram lightly, as if the sand 
is tightly rammed some crushing action 
takes place on the first inch or so of the 
core before the whole length begins to 
slide from the mould. In working this 
machine it is advisable to ram the mould 
rather tightly at the bottom, then inserting 











the vent-wire and carrying-irons if used. 
No special mixture of sand is necessary, 
the usual loamy sand being quite suitable. 
For cores of medium diameters within the 
lengths of the moulds, a man can make 
cores far quicker than by hand. The 
makers claim that an ordinary workman 
can, with a little practice, turn out in 
eight hours the following cores :— 

800 to g00—# in. to I in. diameter; or 

400 to 500 —1 in. to 2 ins. diameter ; or 

300 to 400 —2 ins. to 3 ins. diameter ; or 

250 to 300—3 ins. to 4 ins. diameter. 


Square cores, or any section within the 
limits of the machine, can be turned out 
at a proportionate rate of speed. The 
ordinary square moulds sent out with 
the machine, when required, can be easily 








FIG. 4.-—-THE WADSWORTH AND SHERWIN CORE-MAKING MACHINE. 
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FIG. 5.—SECTIONAL VIEW OF WADSWORTH AND SHERWIN’S CORE-MAKING MACHINE. 
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FIG. 6,—THE THOMAS AND CLARE FIGe 7.—-SECTIONAL VIEW OF THE 
THO. AS AND CLARE MACHINE, 





CORE-MAKING MACHINE, 

















altered to any special section—say, a rect- 
angular or T-core—by inserting wooden 
insets or strips, these being pushed out by 
the plunger with the core. It is also 
claimed that stepped cores, z.e. cores not 
of parallel section, can be made with the 
above method of placing wood strips 
inside the iron moulds ; but in practice 
this does not answer very well, the average 
core-maker not being sufficiently careful to 
admit of leaving him any chance to vary 
perhaps an important dimension. 

Fig. 2 shows a partial section of the 
Phillips machine, from which the method 
of changing and fastening the various sizes 
of moulds can easily be seen. A flange 
is formed on each of the moulds at one 
end, this being machined to fit in the 
recess in the table. No loose parts are 
used to secure the mould, a simple 
bayonet joint holding it in position. The 
recess is formed with two openings, as 
shown in Fig. 3, to allow the two finger 
pieces A A to pass through in position. 
Each size of mould is provided with a 
plunger, see Fig. 2, the recess on lower 
side fitting on the end of the rod from the 
rack, a countersunk set-screw being used 
to keep the plunger secure. The rack 
carrying the rod and plunger has an ample 
bearing surface, as shown in Fig. 3. The 
hand-wheel on pinion shaft is marked in 
equal divisions, and being provided with 
an adjustable stop the operator can readily 
fix the position of the plunger to suit any 
desired length of core. 

The machine as above described, al- 
though not really a core-making machine, 
as all the ramming has to be done by 
hand, will, owing to the convenient posi- 
tion of the mould for filling in the sand, 


FIG. 8.—THE PYOTT CORE MACHINE. 
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and the quick method of ejecting the 
core, show a considerably greater output 
for suitable work than the best core-boxes 
rammed by hand. 

The Wadsworth & Shirwin core-making 
machine, a general view of which is 
given by Fig. 4, has only a limited 
range when compared with the Phillips 
machine, but for cores from @ in. to 2} ins. 
diameter the rate of production is greatly 
in excess of the figures previously given. 
The maximum output as given by the 
makers as a record is as follows :— 


220 ft. . 2}-in. core. | 504 ft. . I}-in. core. 
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The above result was obtained with the 
machine running at 300 revolutions per 
minute, or about twice the usual speed, so 
if we say 5 ft. of 1-in. diameter core per 
minute, or 300 ft. per hour, a good idea 
of the output of the machine can be 
gathered. The writer has made three 
lengths of ?-in. diameter core in one 
minute, each length 2 ft., and turning 
the machine by hand. Of course, in con- 
sidering the figures given, the time taken 
in changing moulds, mixing the sand, etc., 
must be added. 

The section of the Wadsworth and 
Sherwin machine given by Fig. 5 explains 
itself fairly well, and shows clearly the 
action of the spiral conveyor in forcing 
the sand into the mould. Great care 
needs to be taken when working the 
machine, as if the sand is not fed on the 
spiral conveyor slowly and steadily, the 
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FIGS. 9 AND 9A.—THE LONDON EMERY WORKS COMPANY'S CORE-MAKING MACHINE, 
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sand will accumulate in the hopper instead 
of passing along the mould. This feeding 
is done in a similar manner on the Hammer 
core-making machine, but a worm is fitted 
to keep the sand moving in the hopper. 
This is hardly required, as if the operator 
has the machine properly fixed, so that he 
can see the spiral worm or conveyor re- 
volving, he can regulate the feed to suit 
the particular size of core in_ hand, 
especially if the machine is driven by 
belt. The machines are made with a 
combined hand-wheel and pulley; in 
either case the core-maker would have 
no difficulty in attending to the feeding. 

The moulds are changed by removing 
the cap, shown in Fig. 5, when the large 
end, which is the same size in all the 
moulds, can be withdrawn. As each size 
mould requires a differently pitched screw 
conveyor, care has to be taken that the 
correct size is used ; the method of fixing 
these screw conveyors in position is by 
means of the shank end, a small length of 
this being made half round, the outside 
end of the pinion being machined to suit, 
and the thrust of the screw when working 
preventing any working loose. 

A special point of interest to moulders in 
the Wadsworth and Sherwin core-making 
machine is that every core is perfectly 
vented end to end; this is done by the 
vent-wire shown on Fig. 5. In the 2-ins. 
and 2}-ins. diameter cores this wire has 
an extra piece, B, screwed on small end, 
this giving a ;',-in. clean hole through the 
core. 

When using this machine it was soon 
found that the usual loamy sand was 
unsuitable ; the best results were obtained 
with a silica sand taken from the river- 
bed, adding a small proportion of common 
flour and oil as a binding material, the 
makers recommending linseed-oil; but 
one firm of cotton machinery makers 
known to the writer get excellent results 
from a cheap fish-oil imported from the 
States. The Railway Speed Recorder 
Company, of Kent, Ohio, the makers of 
this machine, give the following propor- 
tions for mixing the sand :— 


6 quarts of silver or lake sand ; 
I quart of flour ; 
4 pint raw linseed-oil. 
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It will readily be seen that the above 
quantities will require to be varied nearly 
in every case, as the sand used in one 
foundry may vary largely from what is 
used in another. The best results are not 
obtained by any fixed quantities of sand, 
flour, and oil, but by carefully trying the 
sand available until the mixture leaves the 
machine easily. Of course, in many cases 
the amount of flour and oil given above 
can be materially reduced. A point to 
be kept in mind with these rotary action 
core-making machines is not to attempt 
to force the machine in any way, as if the 
proper dampness of the sand is obtained, 
a 2;-in. diameter core leaves the mould 
or die as easily as a }-in. 

The Wadsworth and Sherwin core 
machine is made perfectly interchangeable, 
the gears cut, and as all parts are num- 
bered replace parts are readily obtained. 
A number of these machines are working 
in this country, making various sizes of 
cores ; and there can be no doubt that for 
a large number of iron-founders a machine 
of this class will soon return the initial 
cost through the saving in time at the 
core bench alone, not taking into con- 
sideration the saving in keeping wood 
core-boxes in repair, or the great advan- 
tage to the machine shop through having 
machine-made cores which leave a clean 
round hole in the castings. This machine 
is sold in this country by Horace P. 
Marshall & Co., engineers, Leeds. 

The Thomas and Clare core machine 
is an American type for turning out rapidly 
smail cores in short lengths only, and for 
foundries using a nuinber of duplicate 
cores. It would appear that this machine 
removes the objection made to several 
other types of core machines, #.e. the 
cutting to a dead length. This objection 
is certainly serious, as the time taken in 
cutting long lengths of core to, say, a 
couple of inches, takes away the saving of 
time when producing. Of course, the 
point of drying in the stove with less 
labour in handling and space occupied 
tells in favour of the long lengths, but if 
a core stove on the Millet principle is 
used, the short cores are easily dried. 
Without doubt the Thomas and Clare 
machine is the first machine to deal 
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FIG, II.—-READY FOR PRESSING AGAINST UPPER 
CORE BOX: INTERMEDIATE PLATE BEING 
REMOVED. 








FIG. 10.—READY TO RECEIVE THE CORE SAND. 
THE INTERMEDIATE PLATE RESTING 
ON THE LOWER CORE BOX. 


FIG. 13.—THE CORES READY TO GO INTO THE 
OVEN, LOWER CORE BOX TURNED 
OVER, AFTER A PIECE OF SHEET IRON 
HAS BEEN PLACED ON TOP OF IT TO 
RECFIVE THE CORE. 





FIG. I2.--AFTER PRESSING: PRESS CAP WITH 
UPPER CORE BOX SWUNG BACK, 





FIGS. 10 TO I3.—FOUR @POSITIONS OF THE HYDRAULIC 
CORE - MAKING MACHINE WHEN MAKING RECT- 
ANGULAR-SHAPED FLAT CORE, 





expeditiously with short cores to a fixed 
length. The machine, it will be seen 
from the general view (Fig. 6), is some- 
what similar to the Phillips core-forming 
machine shown in Fig. ‘1, the chief 
difference being that no hand-ramming is 
required, as in the Thomas and Clare 
machine the sand is pressed to the 
necessary density by the plunger, the 
covering plate, shown on the general 
view, preventing the sand from being 
forced back on the bench. 



















FIC, 15.—HYDRAULIC CORE-MAKING MACHINE 


FIG. 14.—METHOD OF MAKING LARGE T-SHAPED CORES. 
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The machine is intended to deal with 
cores $-in., 2-in. and §-in. diameter to 3 ins, 
in length and t-in., 1}-in. and rf#-in, 
diameter to 4 ins. long, and as in the 
smaller designs eight to ten cores can be 
produced at the same time, the output of 
the machine can be imagined. 

The sectional view of this machine 
(Fig. 7) shows how the dies and plungers 
can easily be changed, and also shows the 
substantial and workmanlike manner in 
which the machine is built, a noticeable 
point being the absence of cast iron, 
generally so common in foundry machines. 

The Pyott Core Machine produces 
cores of any section up to 4 ins. diam. 
and to any desired length. The machine 
is made in Chicago and, as will be seen 
from the illustration Fig. 8, works on a 
different principle than other small core- 
making machines described in this article. 
No rotary movements are required, the 
sand being fed from the hopper into the 
die by a plunger worked from the hand- 
lever at rear of machine. A few move- 
ments of the lever fills the die with sand, 
and the core can be-made of any desired 
hardness by pressing the sand back into 
the die when starting until considered 
hard enough. A clean vent-hole is formed 
through each core, and if the cores 
are preferred with strengthening 
wires, these can easily be used, the 
machine being: adapted for this 
purpose. The makers suggest the 
following mixture in preparing--the 
sand: 18 gals. of sand, 3 gals. of 
flour, 1 qt. raw linseed-oil. The 
above mixture may appear some- 
what expensive, but probably the 
quantities of flour and oil could be 
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reduced considerably. The 
Pyott core machine is sent out 
with trays to carry the cores 
when coming from the mould 
and with round moulds # in. 
to 3 ins. diameter. Other sizes 
and sections being extra. 

The core-making machines 
already described are practically 
no use for cores other than of 
parallel sections, and do not 
cover the large field presented 
when one thinks of the variety 
of cores, often made _ in 
quantities by firms constantly 
turning out repetition work, 
such as stop-valves, plug-cocks, 
taps, pipe-elbows, and connec- 
tions used and made by the 
thousand. Although these cast- 
ings can be, and generally are, 
made on one or other of the 
excellent moulding machines 
now offered by several makers, 
the cores have to be made from 
specially-made core-boxes, both 
expensive to produce and keep 
in repair, besides costing, in 
many cases, more to make than 
the actual mould. A machine 
designed for dealing with this 
special class of work is offered 
by The London Emery Works 
Company, a general view being 
given by Fig. 9. It being 
obvious that a core of varying 
thicknesses would not be equal 
hardness if pressed at one opera- 


tion, preliminary cores are made FIG. 


from dies or pattern plates 

slightly larger than the finished 

cores will be. The intermediate 

plate is then removed, as shown by Fig. 9. 
In the larger machines this plate is arranged 
to swivel on one of the pillars. The 
upper and lower plates are then brought 
together, the core being completed by a 
final pressure. An example of the method 
employed is clearly shown by the follow- 
ing sketches (page 498). 

From the perspective views shown of 
the upper and lower plates it will be seen 
that small grooves, e¢ ¢, are cut round the 
outline of the core, these being intended 
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16.—HAND-POWER CORE-MAKING MACHINE BY THE 
LONDON EMERY WORKS CO., LTD. 


to take any sand which would othcrwise 
tend to prevent the upper and lower 
plates from making a close joint when the 
power is applied. When only one core- 
making machine is used for a variety of 
work, the plates can readily be changed, 
the upper plate being attached to the 
press cap as shown. The lower plate is 
carried on a turnover table, so the cores 
can be left on a sheet-iron plate, as shown 
by Fig. 13, for removal to the store. 

The illustrations Figs. 10, 11, 12, and 


Cc 


fy I Example of a stan- 
~ dard article, such as a 
(O) cock, in plan and eleva- 

5 tion, 





The core for the same 
in the two correspond- 
ing views. 


é The core-boxes, three 
in number, shown in 
perspective. 


c The preparation of 

the preliminary core on 

Ps the lower and interme- 
diate core-plates. 


The preliminary core 
lying on the lower core- 
plate, the intermediate 
plate being removed. 





The upper and lower 
core-plates in contact. 





The finished core 
resting on the lower 


Pe plate. 
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13 give four positions of the hydraulic 
core-moulding machine when making rect- 
angular-shaped flat cores, and show very 
clearly the substantial construction of the 
machine, together with position of the 
hydraulic ram, pump, balance-weight, and 
other working parts. The makers state 
that the machine can be adapted for 
working with air or steam in addition to 
the hand type illustrated. If compressed 
air is available it would add to the advan- 
tages of the machine when compared with 
water or steam power, the latter in par- 
ticular being a decided source of trouble 
in most foundries where used. 

For producing cores of larger size than 
already shown, such as pipe cores, T-pieces, 
etc., similar to the T-piece illustrated in 
Fig. 14, the work is even more simple. 
The cores are made in green sand in pre- 
cisely the same manner as moulds, and 
each core being provided with a core-iron 
can be at once lifted from the core-plate. 
This can be done either by the projecting 
ends of the core-iron being made to rest 
upon the angle-irons of the lifting frame, 
and being raised by a lever before the 
plunger carrying the core-plate is lowered ; 
or else by raisipg the lifting frame after 
the plunger has reached the lowest point 
of its stroke. 

The advantage of being able to make 
these large cores from ordinary green sand 
is no small one, especially where large 
numbers of castings of the same size are 
constantly being made. The time saved 
in making the cores is considerable in 
itself, without counting the cost of drying, 
and the lower cost of the inferior sand 
used. The makers of this machine claim 
that 30 T-shaped cores 74 ins. diam., simi- 
lar to the ones illustrated, Fig. 14, can be 
made in one hour by two men. The 
substantial nature of the large size machine 
is shown by Fig. 15. ‘| his view also shows 
how the requisite amount of sand is pre- 
pared before the final pressure is put on 
the core. 

Fig. 16 isa photograph of a core-making 
machine, made by The London Emery 
Works Co., Ltd., having an arrangement 
of levers operated by hand-power, some- 
what similar to the hand-press moulding 
machines, which are now being: generally 
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FIG. 17.—SHOWING MACHINE AS USED ON A TAI’ER CORE, 


introduced. A noteworthy point, and one sheet-iron being fitted round the machine. 
which makers of foundry machines usually The following particulars of the output of 
omit, is the neat method adopted in pro- these machines have been given by the 
tecting the working parts from sand, makers :—Cores for large branch pipes, 





FIG. 18,— MACHINE WITH 2-IN, RAIN-WATER PIPE CORE, 
FIGS. 17 AND 18.—CORE-MAKING MACHINE BY MESSRS. JONES AND ATTWOOD FOR MAKING LONG CORES. 


C2 











RS Seah GES A 










500 


60 ins. long, 8 in. diameter, one man can 


“make one core in ten minutes. The 


small-size machine, with pattern plate 
15 ins. by 8 ins., made 120 cock cores 
per hour, three cores being made on each 
plate. These results show that, given suit- 
able work, a very large saving over hand 
labour is possible with these machines. 

None of the core-making machines pre- 
viously described are able to deal with 
lengthy cores, such as are so extensively 
used by founders making ordinary pipes 
for water, steam, etc., or builders’ pillars 
or columns. Mr. Walter Jones, of Messrs. 
Jones & Attwood, Stourbridge, has recently 
placed on the market a machine for deal- 
ing with this class of work. 

From the general views of the machine 
—Figs. 17 and 18—it will be noticed that 
ordinary core barrels are used, no altera- 
tion to the usual type being required, the 
roller bearings provided for supporting 
the core barrel being adjustable. The 
barrel is revolved by means of a chain 
drive worked from a worm on the main 
pulley shaft, the attachment being made 
with a sleeve coupling to the end of the 
core-barrel. The second chain drive, shewn 
working direct from the main pulley shaft 
on to a short countershaft a little above 
the centre of the core barrel, has a face- 
plate crank on the end; this gives a 
reciprocating motion to a connecting-rod 
fixed to the flat steel bar, shown imme- 
diately under the shelf carrying the sand. 
This steel bar is adjustable to any position 
for various diameters of cores, and can 
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also be set for taper cores, as is actually 
shown in the illustration. The machine 
being provided with fast and loose pulleys, 
the operator has simply to feed the sand 
to the moving steel bar, and a core is 
rapidly produced, the reciprocating action 
firmly pressing the green sand to the core 
barrel. 

Ordinary green sand is used, and as the 
thickness of sand on the barrel is small, 
the cores can be dried in a short time, or, 
if urgently required, they could be used 
in the mould immediately. This, together 
with the use of unskilled labour, would 
undoubtedly effect a great saving over the 
makeshift methods often adopted in 
striking up loam cores. 

The machine will make cores either 
parallel, taper, or for socket pipes, from 
2 ins. to 12 ins. diameter, and any length 
from g ins. to 9 ft., and the patentees 
assert that the economy effected in weight, 
time, fuel, core material, labour, and the 
increased output on a given floor space, 
shows a saving of from 5s. to 1os. per ton 
on the cost of production. 

A point which should not be overlooked 
in comparing these machines made with 
loam cores is the difference, which is easily 
imagined, of removing the cores from the 
castings, the green-sand core being more 
quickly removed than the hard-baked 
loamy one. 

Messrs. Jones and Attwood are prepared 
to supply machines on approval, and to 
send competent men to start and work 
them if desired. 


JAMES R. KELLY. 























































Conditions Governing the 


Production of Steam Metal Alloys. 


(Continued from page 418.) 


—_———_——— —— 


N the former article some of the general 
conditions governing the production 
of these alloys were examined. Gene- 
rally speaking these conditions are not 

largely responsible for many of the failures 
on steam or water trial. For instance, 
the presence of impurities may be readily 
detected by chemical analysis, abnormal 
crystallisation is minimised by propor- 
tionate design in the patterns, and foundry 
practice may readily be brought up to 
such a pitch as to obviate faults due to 
moulding, &c. Further, if failures were 
due ta impurities originally present in the 
constituent metals, or to abnormal design 
of the pattern, then all the castings of a 
given series would meet with rejection on 
steam or water trial. Therefore, in the 
event of a whole batch of castings failing 
to withstand a certain pressure, it would 
be well to examine for impurities or for 
faulty design, but rejections of so whole- 
sale a character are the exception, and by 
no means the rule. The prevailing con- 
ditions are rather those in which, from 
a series of castings of the same alloy, 
moulded from the same patterns, the 
majority pass a steam or water trial, 
whilst a few hopelessly leak. In other 
words, castings of identical composition, 
made under, as far as known, identical 
conditions, are not always uniform in their 
resistance to the passage of steam or 
water. Further, the castings which leak 
cannot be distinguished from the sound 
ones, their appearance before and after 
machining is the same, and the only 
possible way of picking them out is by 
actual trial. Under such conditions the 
chemical composition of the alloy cannot 
be at fault, for it is the same throughout, 
and may be readily checked by analysis. 
Given a chemical control of the alloys, 
and uniform conditions prevalent in the 


foundry, uniformly good castings should 
follow, but as a matter of fact they do not. 
Turning to the foundry conditions quoted 
in the previous article, it will be seen that 
uniformity may be readily secured in all 
essentials save one—that of the initial 
temperature at which the molten alloys 
enter the moulds. Therefore it would 
appear that an examination of this feature 
might possibly throw some light on the 
occasionally erratic behaviour of alloys 
which, in the majority of cases, yield 
castings capable of resisting extremely 
high pressures. 

It is reasonable to suppose that the 
general character ‘of any crystals on 
separating out, whether from a saline 
solution or from a gradually solidifying 
alloy, is influenced by the environment ; 
in the case of alloys, particularly, by the 
hydrostatic pressure and initial tempera- 
ture. Similar conditions. must also hold 
good in the case of pure metals and cer- 
tain pure elements, and the writer has 
found much variation in castings of 
copper, antimony, zinc, and even sulphur. 
Castings of these elements poured at dif- 
ferent temperatures each present essen- 
tially characteristic features, due entirely 
to variation in casting temperature. For 
instance, Fig. 7 reproduces two fractures 
of antimony, one of which shows the 
normal fracture of the cast metal, and the 
other presents an almost perfect cleavage 
plane. These strips were cast from the 
same crucible, but at different tempera- 
tures, and both were broken by hand 
pressure. To break the normal bar a 
fair pressure was required ; but the one 
showing a cleavage plane severed, as 
would be expected, on the least touch of 
the fingers. 

That alloys, particularly steam metal 
ones, are influenced by varying casting 
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temperature may be readily tested in any 
foundry by heating a crucible of gun- 
metal to the highest possible point and 
from this temperature casting a series of 
bars at intervals of one minute until solidi- 
fication occurs. On mechanically testing 
these bars the tenacities will be found to 
rise with a falling temperature up to a 
certain point, from whence they again 
commence to fall. These results are ex- 
emplified if a large mass of the alloy be 
used in order that the crucible shall cool 
slowly and a fair number of bars be ob- 
tained for comparison. The bars may be 
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in the form of rods 1 in. diameter by 
10 ins. long, and should all be moulded 
in exactly the same manner. The writer 
has conducted many experiments of this 
type, and as far as gun-metal alloys are 
concerned it can be safely stated that 
where all conditions are uniform, save that 
of casting temperature, a variation in 
mechanical properties is bound to follow. 
This variation may be graphically repre- 
sented as in Fig. 8. The highest point of 
this curve corresponds to the fair casting 
heat, that is the casting temperature at 
which the maximum properties of any 
given type of gun-metal are to be ob- 
tained. It will be evident that the extent 
of this fair casting heat is determined by 
the mass of the molten alloy; for with 
a 25-lbs. crucible, the contents of which 
naturally cool quickly, the fair casting 
heat would be represented by a sharp 
point or narrow time limit; on the other 
hand, with the contents of a 1o-ton ladle 
slowly cooling, the “fair” heat would 
represent a proportionately wider“ range 
of time. 

Not only is the variation in tensile 
strength shown by casting the same alloy 
under different conditions of casting tem- 
perature, but a marked alteration may be 
noted in the fractures of the bars as they 
pass from the higheSt to the lowest temper- 
ature. This point will be noted 
in considering the influence of 
casting temperature on micro- 
structure. A further feature is 
the amount of feeding observed 
in the runner-head attached to 
the casting. In Fig. 9 a photo- 
graph of three gun-metal runner- 
heads is reproduced, the “hot” 
one shows no feed, in fact an 
actual expansion is shown by 
the ring of metal running two- 
thirds of the circumference of 
the head ; the “fair” one shows 
a uniform feed occurring in all 
directions—this head was ori- 
ginally the same diameter as 
the foregoing one, but in pro- 
cess of uniform feeding it has 
lessened by settling down the 
funnel-shaped head mould; a 
further fall in temperature, as 
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in the “cold” one, shows that the feeding 
tends to take the form of a central pipe. 
Evidently castings attached to heads, such 
as No. 1, will, when tested mechanically 
or by water-pressure, yield results inferior 
to similar castings attached to heads, such 
as No. 2. The feeding of No. 3 tending 
to take the form of a central pipe may 
give rise to local defects in the heavier 
parts of the casting, familiarly shown in 
the form of “ draw-holes.” 

The following table, extracted from an 
earlier paper by the writer, shows at a 
glance the mechanical value of certain alloys 
poured at a known casting temperature. 

All the gun-metals are of the same type, 
viz., Admiralty specification. The usual 
specification for gun-metal of this type is 
a tensile strength of not less than 14 tons 
per sq. in., and an extension of at least 
74 per cent. on 2 ins., and steam fittings 
are to withstand a working pressure of 
1,700 lbs. per sq. in. Evidently then, 
castings of No. 1 or 3 would utterly fail to 
meet such a specification, and yet they are 
separated from No. 2 by the exceedingly 
narrow time margin of 2 mins. on either 
side. Nos. 19 to 21 represent gun-metal 
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of the same composition, the three sets of 
bars were poured from one crucible at a 
“high,” a shade below the “ fair,” and an 
exceedingly low casting temperature re- 
spectively. No. 22 represents a bar cut 
from a commercial casting, and is the 
highest tenacity the writer has yet obtained 
from this type of gun-metal. It must be 
distinctly remembered that the three gun- 
metals are of the same composition, and 
that the results embodied in the foregoing 
table are not laboratory ones, but were 
obtained under actual foundry conditions, 
and may be verified in any foundry by 
comparatively simple trial. The results 
obtained from the yellow brass, red brass, 
and muntz metal alloys are included in 
order to show their susceptibility to vary- 
ing casting temperature; naturally they 
have no direct bearing on a study of 
steam metal alloys. 

The gun-metals being chemically con- 
stant throughout, it must follow that the 
variation in casting temperature has some 
distinct structural effect on the internal 
formation of the alloys. In other words 
it evidently influences the cohesive force 
acting between the crystals. If the ten- 


Influence of varying Casting Temperature on the Properties of Alloys. 


** Proceedings” of Iron and Steel Institute, May, 1903. 
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Casting Temperature,| Maximum Stress | 


Alloy. degrees Cent. 
j I see 1,173 
Gun Metal se 2 te 1,069° 
(| 3 965 
{| 4 1, 182° 
Yellow Brass... ) 5 1,020° 
6 850 
} 
( 7 1,308 
Red Brass 8 oes 1,073° 
9 es 1,058 
\| 10 1,038° 
Muntz Metal , j II 973° 
(| 12 943, 
| 
| 19 Three sets of bars 
Gun Metal | 20 from one crucible at 
| 21 various temperatures. | 
Gun Metal | 22 — 


Contraction of 
Area per cent. 


Elongation 


‘ons per sq. in. per cent. on 2 ins. 





8°37 55 4°23 
14°83 14°5 16°71 
II ‘Oo! 50 6°36 
on: i. os 31°40 
12°71 | 43°0 35°66 
7°44 we 15° | 15°25 
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6°85 13'2 12°65 
12°64 26°0 30°28 
mas 5°5 6°04 
12°45 6'0 10°60 
18°88 15'0 16°10 
16°28 9°5 14°81 
7°21 ie) 1°05 
10°06 4°0 2°42 
9°50 2°0 2°86 
20°00 | 16°0 
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sile strength be taken as a measure of 
the crystal cohesion, then the tenacities 
already given clearly show that varying 
casting temperatures have a most marked 
effect_on this cohesion, for values ranging 
from the low one of 7 tons per sq. in. to 
the high one of 20 tons have been 
obtained. 

Microscopical examination throws com- 
paratively little direct light.on the cohesive 
force binding individual crystals together, 
and practically the only estimate of this 
force is that obtained by the tensile test ; 
but apart from crystal cohesion a micro- 
graphic examination does throw a flood of 
light on the structural changes due to 
varying casting temperatures. A compari- 
son of Figs. 12 and 13 sufficiently justifies 
this statement. The latter, as will be 
noted, shows no prominent crystal direc- 
tion, and the whole structure more nearly 
resembles a forged than a cast alloy. On 
the other hand, Fig. 12 shows a most 
pronounced type of crystallisation tending 
to develop into definite cleavage planes ; 
Fig. 11 approaches, but does not reach, 
the structure of Fig. 13; whilst Fig. 10 
represents the structure of a high-tempera- 
ture gun-metal casting. It may be added 
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that Figs. 10 to 12 represent gun-metals 
19 to 21, and Fig. 13 represents gun-metal 
22 of the foregoing table. The structures 
of gun-metal 1, 2, and 3 are not repro- 
duced in order to g¢conomise space, but in 
general they follow the same order as 
those of Figs. 10 to 12. 

From wide micrographic examination of 
gun-metals of identical chemical composi- 
tion, but cast under different conditions of 
temperature, the following conclusions may 
be drawn. Dividing the temperatures into 
“high,” “fair,” and “low,” respectively, it 
is found that the high ones generally 
appear to favour a large, ill-developed type 
of crystallisation, giving a characteristically 
loose structure. Fair casting tempera- 
tures favour a distinct but yet interlocked 
structure, and the crystal junctions are not 
so marked as in the lower temperatures. 
Low casting temperatures give a most 
pronounced type of crystallisation, and the 
crystal junctions are very sharply defined, 
apparently forming routes along which 
fracture readily travels. 

Comparing these conclusions with the 
accompanying photo-micrographs, some 
idea of the value of the various structures 
under steam or water trial may be obtained. 











Steam Metal Alloys. 


Thus the loose structure of the 
high temperature castings will 
allow steam or water under 
pressure to ooze through the 
microscopically minute inter- 
stices of adjacent crystals. 
The interlocked structure of 
castings poured at the fair 
heat effectually prevents any 
percolation of this kind, and 
the castings are therefore tight 
within all pressures up to their 
limit of deformation. The pro- 
nounced type of crystallisation 
familiar to the low temperature 
castings will—if the crystal 
junctions favour, which they 
generally do -—offer routes of 
penetration in a similar man- 
nef to those of the high tem- 
perature castings. 

Variation in casting temperature is 
therefore responsible for many of the 
occasional failures in batches of otherwise 
perfect steam or water resisting castings. 
As in the case of mechanical properties, 
this feature may be readily confirmed by 
casting a series of valve bodies, preferably 
flanged ones, at definite intervals from 
the highest possible temperature down to 
the lowest at which the alloy will flow. 

Further, a casting failing to meet a cer- 
tain pressure will, if re-melted 
and cast at a suitable heat, 
successfully withstand the pres- 
sure at which it previously 
leaked. This feature may be 
illustrated by the following 
tests. A gun-metal casting 
poured at an excessively low 
temperature yielded a tenacity 
of 6} tons per sq. in. and an 
extension of 4 per cent. on 2 
ins. On re-melting and cast- 
ing ata suitable heat the results 
obtained were—tenacity, 15 
tons per sq. in., and exten- 
sibility, to per cent. on 2 ins. 
The first casting was hopelessly 
porous, and the second one 
perfectly tight at a pressure of 
1,000 lbs. per sq. in. 

It must be stated that the 
casting temperature of any 








TENACITY: 7°21 TONS PER SQ. IN. 
EXTENSION : I PER CENT. ON 2 INS. 


given alloy is not a constant factor, but 
necessarily varies with the weight, in- 
ternal and external form of the cast- 
ing, and so forth. This fact removes 
any difficulty lying in the path of the 
founder, for by arranging a series of boxes 
containing dissimilar castings, each re- 
quiring a slightly lower casting tempera- 
ture than the preceding one, and pouring 
in rotation, it is evident that by suitable 
pauses between the boxes any yariety of 
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TENACITY: 9°5 TONS PER SQ. IN. 
EXTENSION : 2 PER CENT. ON 2 INS. 


casting temperature, within the limits ot 
suitable fluidity, may be obtained. In 
the case of similar castings success will 
be obtained by commencing at a suitable 
temperature for the series, followed by 
extremely quick pouring. - As already 
shown, the greater the mass of the molten 
alloy, the wider the time range of the fair 
casting heat; therefore, in practice, no 
insurmountable difficulties prevent each 
individual casting from being poured at a 
suitable heat, further than the one of suc- 
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cessfully judging the correct 
temperature. If a pyrometer, 
permitting of carriage with the 
ladle, and capable of giving 
direct temperature readings— 
that is, without scientific inter- 
pretation—could be employed, 
then this latter difficulty would 
be readily overcome. How- 
ever, such an ideal is rather 
sanguine ; and whatever the 
future may bring forth, for the 
present the founder must rely 
on judgment alone. This 
judgment is, of course, a 
matter of experience ; but in 
the course of daily work it may 
be trained to a high pitch, and 
by its careful exercise much 
improvement in the qualityeof 
the castings may be looked for. A note, 
however, is necessary here. Casting tem- 
perature should be judged in relation to the 
mechanical and steam-resisting properties 
of the casting, zo¢ to its appearance as it 
leaves the mould. Too often the tem- 
perature is viewed only as a means of pro- 
ducing castings of smooth skin and good 
external surface, a motive excellent in its 
way, but to which should be added the 
more important features of steam resist- 
ance and tensile strength. Experience in 
estimating suitable tempera- 
tures may be considerably 
strengthened by experiments 
of the type indicated in this 
article, in which the appear- 
ance of the alloy as it enters 
the mould is compared with 
the mechanical and other pro- 
perties of the cold castings. 
Further assistance may be 
derived from the comparison 
of the feeding shown in runner 
heads. Obviously long-con- 
tinued comparisons of this 
kind, in which visible tem- 
perature is correlated with 
mechanical and steam-resisting 
properties, will give a fund 
of definite data admitting of 
successful practical applica- 
tion. 


PERCY LONGMUIR. 
































NOTES ON LOCOMOTIVE 
AND RAILWAY ENGINEERING. 











Atlantic 4=4=2-type 
Locomotives on the Continent. 


THE twolocomotives illustrated on page 508 
are representative of recent construction in 
France and Germany. Although differing 
widely in many respects, and being, so far as 
external appearance is concerned, wholly 
dissimilar, the two engines may be correctly 
described as of the same type, viz. the 
Atlantic or 4-4-2 type ; moreover, both are 
four-cylinder compounds, and are intended 
for the same class of work—that of hauling 
fast passengertrains. The French engine is 
mainly identical with those of the celebrated 
2°641-2°660 class on the Northern Railway, 
but has about 1o per cent. larger dimensions. 
Eight locomotives, similar in all respects to 
that illustrated, have been constructed at 
the Belfort Works of the Société Alsaci- 
enne de Constructions Mécaniques for the 
Paris Orleans Railway, and these are now 
engaged in regular working on the express 
services of that line. 

The German engine shown is one of twelve 
built in 1902 for the Baden State Railways. 
In this design the cylinders are placed in 
line, with the low-pressure outside and the 
high-pressure between the frames. Only two 
sets of valve-gear are employed for actuating 
the four valves, consequently the cut-off is 
the same in all the cylinders, and is usually 
about 4o per cent. of the stroke. 

The valve-gear is of the Walschaert pattern, 
placed outside the wheels, and a rocking- 
shaft is used for conveying motion to the 
valves on each side. Those of the high- 
pressure cylinders are of the piston type, with 
inside admission, whilst balanced flat valves 
are employed for the low-pressure cylinders. 

A starting-valve is provided, by means of 
which steam at a pressure of 128 lbs. per 
sq. in. may be admitted to the low-pressure 
cylinders direct when exceptional power is 
required. This valve is operated by means 
of suitable mechanism connected to the re- 
versing lever and worked from the cab. 

The boiler is of exceptional dimensions 
throughout, and the smoke-box, which is of 
the very extended type, is fitted with a conical 
front and contains a spark-arresting device. 





The fire-box is of the wide type, as commonly 


used in America, and the grate area is no 
less than 42 sq. ft.—an unusual figure for 
European practice. The front sheet of the 
cab is formed of two plates brought together 
at an angle of 9o degs., thus forming a sort 
of prow, with a view to lessening the wind 
resistance. 

The cranks on either side of the engine are 
set at an angle of 180 degs. to one another 
and at go degs. to those on the opposite side. 
This arrangement of cranks renders the use 
of balance-weights in the wheels unnecessary 
so far as the reciprocating parts are con- 
cerned. Small counterweights are provided 
for balancing the rotating parts. This 
practice was largely adopted by Mr. Webb 
in his four-cylinder engines on the London 
and North Western Railway, and locomo- 
tives balanced in this manner are usually 
found to be very steady in running at high 
rates of speed. The engines were designed 
for hauling trains weighing 200 tons behind 
the tender, at a speed of 75 mls. per hour on 
the level and 62 mls. per hour on gradients 
of 1 in 300. In actual service the train 
weights vary between 250 and 300 tons, and 
the scheduled speed is 56 mls. per hour. 

Much is claimed for this design by M. 
Richter, who kindly supplied the photo- 
graph, and he characterises the engines as 
the “most powerful locomotives outside 
America.” The engines were built by the 
Munich firm of Maffei & Co., at a cost of 
£4,167 each, a figure at which it is to be 
feared the majority of railway companies in 
this country would look askance, even though 
they did obtain the most powerful engine in 
Europe in return for it. 

Particulars of the respective designs are 
as follows : 


Paris-Orleans Engine. 
Cylinders :—. 
h.p. (2) outside, 14;°5 ins.) 


Lp. (2) inside, 23g ,, Jf % 25¥e-in. stroke. 


Coupled wheels (diam. ) 6 ft. 8,5; ins. 
Boiler (mean diam.) ... 4 ft. 114 ins. 
+» | pressure a ... 228 Ibs. per sq. in. 
»» No. of tubes (Serve) .. 139 hol 
»» Length of tubes 14 ft. 54 ins. 
», Diam. of tubes (inside) 2,5 in. 





Heating surface of tubes 2435°7 sq. ft. 
* 9 9 »» firebox ... 181°! ‘a 
Total heating surface 26168, 
Grate area... wan aes Bo . ss 
Weight of engine and tender 
in running order 114°87 tons 


Baden State Railways Engine. 
Cylinders :— . 
h.p. (2) inside, 13°2 ins. | 
l.p. (2) outside, 22°4 ,, J 
Coupled wheels (diam. ) 
Boiler (diam. inside) 
+» pressure 


x 24°4-in. stroke. 
6 ft. 1o ins. 
5 ft. 3 ins. 
288 lbs. per sq. in. 


» No. of tubes... io S08 

» diam. ,, (outside). 2 ins. 

», length ,, . .. 15 ft. gins. 
Total heating surface * 2,550 sq. ft. 
Grate area... ~ w+ 42 sq. ft. 
Weight of engine and tender 

in running order 122°7 tons 


Private Owner's 
Railway Wagons. 


Reference was made to the above subject 
in the November Notes, and, in accordance 
with what was then stated, the illustration 
and description of the standard designs 
which have been prepared by the Railway 
Clearing House Wagon Committee, of which 
Mr. Jas. Holden, locomotive superintendent 


ONE OF THE NEW 4-4-2 TYPE FOUR-CYLINDER COMPOUND EXPRESS LOCOMOTIVES, 
PARIS-ORLEANS RAILWAY. 
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of the Great Eastern Railway, is chairman, 
is herewith entered upon. 

The construction of a standard 20-ton 
carrying capacity wagon with wooden body 
and steel underframing may be followed, 
and a clear conception of the restrictions 
which govern its production gathered, by 
reference to the accompanying drawings, 
and the extracts from Specifications which 
are quoted ; thus— 

Private owners may build the body of the 
wagon as best to suit their own requirements, 
provided they adhere to the dimensions and 
comply strictly with all the provisions and 
requirements set forth in the specification. 
No 20-ton wagon may exceed 21 ft. 6 ins. in 
length over the body outside, nor exceed 
8 ft. 3 ins. in width over all up to a height 
of 5 ft. above rail level. Above 5 ft. the 
width may be increased to 8 ft. 6ins. The 
height above the top of the rails must not 
exceed 10 ft. at the sides and 11 ft. 6 ins. in 
the middle. The wheel base of wagons of 
21 ft. 6 ins. in length is to be 12 ft., and for 
shorter wagons it must be proportionately 
reduced— to ft. being the minimum. 

The tare must not exceed 8 tons I2 cwts. 
for 20-ton wagons. 

The bodies of the wagons may be made 
either of wood, iron or steel of approved 





4-4-2 TYPE EXPRESS LOCOMOTIVES, BADEN STATE RAILWAY. 
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quality, strength, form and dimensions. The 
underframe to be of steel of approved 
quality, to the general design shown in the 
drawing, and capable of withstanding an 
ultimate tensile strain of not less than 25 or 
more than 30 tons per square inch with an 
elongation of not less than 20 per cent. in 
8 ins. The steel plates and bars are to be of 
the quality of material generally known as 
mild steel, and to contain not less than ‘10 
per cent. and not more than ‘15 per cent. of 
carbon. All iron plates and bars must be of 
such quality as to have an ultimate tensile 
strength of- 
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and to admit of bending when cold as follows : 








STANDAKD DESIGN OF 20-TON WAGON PREPARED BY THE “‘CLEARING-HOUSE WAGON COMMITTEE.” 


@urther extracts from the specifications 
are as follows: 

Horizontally hung side-doors when down 
must clear rail-level by 8$ ins. with the wagon 
unloaded, and vertically hung doors when 
open must not extend beyond 6 ft. 6 ins. from 
the centre of the wagon. The bottom doors 
of hopper-wagons must, when down and the 
wagon unloaded, clear the rail level by 7 ins. 

Each wagon must be fitted with an im- 
proved brake, with brake-blocks of cast-iron 
and safety loops for preventing the brake- 
work from falling. 

Laminated buffing springs are to be used, 


Tons per sq. in. Elongation. 


Round and square bars and flat bars less than 6 ins. wide ... .. 22 to 24 with 20 per cent. in 8 ins. 
Angle, tee, channel and H bars, and flat bars over 6 ins. wide... 21 ,, 23. 4, 16 7a Ae 


20 5523 5, 14 ” er ae 
17 519 ,, 5 ” os SD 9 





Plates to Bend through an Angle of— 
15 degs. with the grain, 5 degs. across the grain. 
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the buffers to be 18 ins. in length from head- 
stock to face, which is to be 13 ins. diameter ; 
the centres to be 5 ft. 84ins. apart and 3 ft. 
5 ins. high from top of rails with the wagon 
unloaded ; the buffer-guides must not be less 
than Ioins. in length. 

All iron work and steel work must be 
stamped distinctly with the name and initials 
of the owner, and two register plates must be 
secured to the sole-bars of the wagons, one 
at each left-hand corner and 2 ft. from the 
outside of the headstock ; the' design to be 
as shown. 

In the January number illustrations of the 
construction of wheels, axles, springs, etc., 
will be presented, together with further par- 
ticulars from the specifications, including 
some very interesting and instructive matter 
relating to the various tests and examinations 
to which the tyres and axles are put. 


Cylinder Position on 
4-=6-0-type Locomotives. 


The majority of locomotive engineers 
prefer to place the cylinders outside the 
frames when adopting the 4-6-0 type of 
engine for passenger service, and where the 
coupled wheels are above 6 ft. in diam. this 
practice becomes almost imperative, unless 
features usually held to constitute a ¥. 
advantage are to be introduced into the 
design. The use of six-coupled wheels of 
6 ft. 6 ins. diam. and upwards in conjunction 
with inside cylinders has the effect of in- 
creasing the length of the boiler-barrel to a 
dimension which, in the opinion of many 
engineers, is an altogether undesiiable one. 
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Cylinder proportions necessary at the present 
day are, it is true, such as demand the 
presence of large boilers, but an excessive 
length of tubes does not, unfortunately, mean 
in practice what it represents on paper, as the 
gases from the. furnace lose a very large 
percentage of their heat value long before 
they reach those portions of the tubes which 
are farthest removed from the firebox. If 
the cylinders are placed outside the frames, 
the middle pair of coupled wheels may then 
be employed as the driving pair, and a 
moderate length of boiler-barrel and an 
adequate length of connecting-rod are then 
both easily obtained. Twenty-inch cylinders 
can be carried without inconvenience outside 
the frames of British locomotives, and this 
diameter appears to be ample under all 
ordinary working conditions. In the writer’s 
opinion, a further advantage of the outside 
position is represented by the fact that, as 
the connecting-rods drive the middle pair of 
wheels, the power exerted by the cylinders 
through the medium of these rods is more 
equally distributed to the coupling-rods, and 
mo.ion is also more evenly imparted to all 
the wheels than is the case when the leading 
pair of coupled wheels are the drivers and 
the connecting-rods and coupling-rods on 
either side of the engine are on opposite 
centres. 


An Ingenious Valve Gear. 


The writer has been favoured by Mr. John 
Reikie, a locomotive engineer who has had 
considerable experience on Indian railways, 
with a drawing and particulars of the im- 
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DETAILS OF THE REIKIE-MCINTOSH VALVE GEAR. 
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BOGIE COMPOSITE COACH BUILT BY THE BIRMINGHAM CARRIAGE ANIL WAGON CO., LTD., FOR 


THE GREAT CENTRAL RAILWAY. 


proved valve-gear which he, in conjunction 
with Mr. McIntosh, locomotive superinten- 
dent of the Caledonian Railway, has patented, 
and which is at the present time being tried 
upon the railway in question. 

The principal object sought is that of 
giving the valve a long-dwelling motion when 
at half-stroke. A separate lever is employed 
to control the lap and lead of the valve. The 
short arm of this lever is allowed to slide in 
a slipper block, so that virtually the effect is 
to vary the lepgth of the short arm when the 
piston is at half-stroke. In this way a long 
dwelling motion is given to the valve, thus 
allowing the steam to do work on the piston 
throughout a greater percentage of the stroke, 
before exhaust takes place, and consequently 
the exhaust passage on the other side of the 
piston is kept open later than would other- 
wise be the case if the dwelling period re- 
ferred to were not provided. Compression 
is greatly minimised by this means. 

Any delay in the movement of a valve 
when at half-stroke must necessarily be made 
good when nearing each end of the stroke, 
and this results in accelerating the movement 
of the valve when it is approaching the points 
of steam admission and exhaust, thus allow- 
ing of a 1 rger port opening, and giving, at 
the same time, a rapid cut-off when the gear 
is linked up. A novel feature in the improve- 
ment is that the lead can be varied whilst the 
engine is working. One great advantage 


Errata. 


which is claimed for this gear is that neither 
the range of cut-off nor the number of 
revolutions is limited. 


New Coaching Stock 
on the Great Central Railway. 


The writer is enabled, by courtesy of Mr. 
G. Robinson, M. Inst. C.E., Chief 
Mechanical Superintendent of the Great 
Central Railway, to illustrate one of the 
handsome bogie composite coaches which 
have recently been put into service upon 
this railway. 

As will be noticed this stock is provided 
with the clerestory pattern roof, and is 
divided into six compartments, three being 
First and three Third-class. The latter are 
connected by corridor with a lavatory, whilst 
each First-class compartment is provided 
with its own lavatory accommodation. The 
carriages have steel underframes and bogies. 
They are lighted throughout by electricity 
and will accommodate 15 First and 25 Third- 
class passengers. 

Some of these coaches have been so 
designed that four First-class passengers in 
each carriage can be provided with sleeping 
accommodation. The general external ap- 
pearance and comfort of the interior appoint- 
ments leave nothing to be desired. 

The builders are the Birmingham Rail- 
way Carriage and Wagon Co., Ltd.. 


CHAS. S. LAKE. 


The writer regrets that in speaking of the locomotive performance on gi 
the Great Central Railway in the November number, engine No. 1o15 was - 
referred to as No. 2015, and that the engines of Mr. Drummond’s design on 
the South-Western Railway were spoken of as having 7 ft. 7 in. wheels 
instead of 6 ft. 7 ins. 





Both were printer’s errors. 








The Engineering of Illumination. 


LAN No. 2 consisted of a good 

general diffused illumination with 

use of special desk lights, which 

were intended to cut off the glare 
directly from the eyes and also to prevent 
the shadows and streaks as well as the 
regular reflection resulting from the or- 
dinary reflector. Upon taking these con- 
ditions into account it was finally decided 
to use the present outlets, placing eight 
16-in. Holophane hemispheres on the ceil- 
ing enclosing four 32-candle-power lamps, 
thus removing the glare and giving a good 
general illumination. As before pointed 
out, the chief objection to the ordinary 
green reflector is that it casts streaks over 





FIG, 13a.—SPECIAL FORM OF DECORATIVE LIGHTING USED AT THE 
MILWAUKEE EXPOSITION. 








(Continued from page 448.) 







the paper which are extremely trying to 
the eyes. In order to do away with this, 
it was decided to use a green porcelain 
reflector so designed as to admit of a very 
small Holophane globe within, for the pur- 
pose of taking away not only these streaks 
but also the glare due to regular reflection 
which accompanies t/e use of the ordinary 
reflector. The same: results could have 
been obtained by using the McFadden or 
McCreary shades, but at a slight decrease 
in efficiency, the initial cost of these shades 
being about the same. 

A problem which differs materially from 
either of the above plans was that of 
lighting the Sculpture Hall of the Art 
Institute of Chicago. The plan 
and elevation of this room are 
shown in Fig. 14. The problem 
here was not to light the hori- 
zontal, but rather the vertical, 
as the room was to be used 
almost entirely for large sculp- 
tural pieces. The height of 
the lights was governed by the 
fact that along one side of the 
room was a balcony, by which 
people entered, and it was not 
desirable to lower the lights 
below the spectator’s eyes, as 
many of the sculptural pieces 
were considerably higher than 
the balcony, and the effect of 
trying to see beyond the lights, 
as is well known, would be ex- 
tremely unsatisfactory. The 
location of the lights was also 
somewhat governed by the fact 
that the ceiling was panelled, 
and ‘for artistic reasons it was 
impossible to place the lights 
anywhere except in the centre 
of the panels and on the beams. 
As the walls and ceiling were 
white, and as most of the casts 
would also be of the same 
colour, it was decided that about 
1 candle-power per 50 cub. ft. 























would be sufficient illumination. 


previously, the distribution curve would 
have to be laid out in accordance with the 


formula for vertical illumina- 
tion formerly given. In this 
way the value of the illumina- 
tion at different points, and at 
different heights on the walls, 
and on imaginary vertical 
planes, running parallel and at 
right angles to the length of 
the room, was obtained, and 
the lights were so placed as to 
give the best effect, taking into 
consideration the fact that 
there would be considerable 
reflection from the walls and 
statuary, and that this reflec- 
tion would be more intense 
near the sides of the walls 
than in the centre. The 
original plans of using Holo- 
phane spheres was finally post- 
poned and arc lights substi- 
tuted, on account of the fact 
that the company supplying 
the current would furnish the 
arcs free of cost. It is in- 
tended, however, to replace 
these arcs by the original 
lighting scheme for which the 
plans were designed. 

A paper of this length does 
not permit of a further consi- 
deration of the distribution 
question. The general prin- 
ciples laid down here are appli- 
cable in most cases. The 
question of house lighting, 
however, is not as complex as 
those considered. In general, 
it is not advisable in such cases 
to have a uniform illumination. 
It is better to use a good 
general illumination, and 
where the light is wanted 
in some particular place to 
supplement this by some 
special light, such as a 
lamp or candle. The light- 
ing of theatres, churches, 


and other such buildings pre- 
sents special problems which 
must 


be 
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worked out in 


The Engineering of Illumination. 









































































































































As shown detail, always remembering that the 
artistic must not be sacrificed to the 
practical. 
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Quantity of Light. 

In laying out the lighting for any pur- 
pose it is first necessary to determine—at 
least approximately—the quantity of light 
to be used. The approximation can later 
be revised after calculations are made, in 
case too much or too little light has been 
used. 

The amount of light necessary for good 
illumination depends upon the purpose 
for which the place to be lighted is to be 
used, and also on the individual’s ideas on 
the subject. ‘Thus the requirements for 
street, house, and office lighting present 
great differences. Further, the amount 
of light necessary depends largely upon 
the character of the surrounding surfaces, 
such as walls, ceiling, etc., as well as upon 
the absorption of the shades, if such are 
used, as well as their directing power. 

There are three methods in general use 
by which the quantity of light necessary 
can be approximated : 

(1) The number of candle-power per 
square foot ; 

(2) The number of candle-power per 
cubic foot ; 

(3) The number of candle-feet necessary. 

The best practice, where actual work is 
concerned, is to use all three methods. 
The amount of light per square foot, as 
before noted, varies widely—in some cases 
as high as 1 candle-power per sq. ft. where 
a very strong light is desired ; and, again, 
as low as 1 candle-power per 5 sq. ft. in a 
large room, where simply a general illumina- 
tion is required. The mean of these two, 
or about 1 candle-power per 3 sq. ft., when 
the reflection factor is about 50 per cent., 
is a good working basis for ordinary 
illumination. For the cubic-foot basis 


the height of the lights from the ceiling 
plays an extremely important part. In 
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practice, however, it is safe to allow 
1 candle-power for from 25 to 50 cub. ft. 
The latter is sufficient in places where 
the walls are of light colour, but where 
dark would not be satisfactory. Under 
the third method ,5; of a_ horizontal 
candle-foot will give a fair illumination. 
For reading purposes this should be 
raised to a minimum of 1 candle-foot, and 
for lighting desks, etc., this should be 
increased to about 2 or 24 for best results. 
The writer would like to call attention to 
some valuable data on this subject, which 
checks up very closely with his own 
experience, in Dr. Louis Bell’s recent 
book entitled “The Art of Illumination.” 

It is highly desirable to obtain data on 
this and other kindred subjects relative to 
illumination, and the writer hopes at a 
later date to be able to present a table 
giving the results of a large number of 
installations, which will include such data 
as the number of candle-power per square 
foot, candle-power per cubic foot, the 
character of the walls, ceiling, decorations, 
the nature of the illuminant used, the 
kinds of shades used, the method of dis- 
tributing the light, and other points. If 
such data as this» were collectcd by 
engineers who are engaged in this kind 
of work, and the same could be tabulated, 
it would be a most valuable contribution 
to the literature of the subject. 

Fig. 13a shows a special form of decora- 
tive lighting designed by Messrs. Clas 
and Rau, and used at the Milwaukee 
exposition. The picture shows about 
half of the hall with festoons of incande- 
scent lights enclosed in Holophane globes, 
and with red paper shades. There are 
also some No. 3 Glower “ Nernst” lamps 
used in the centre with Holophane globes. 
The lighting effect was very satisfactory. 
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North-East Coast. 


THE engineering and shipbuilding industry 
on the north-east coast, as is the case more 
or less generally, is passing through a time 
of decided depression. The abnormal de- 
mand for tonnage, which caused a remarkable 
degree of prosperity during the past few 
years in the district, has been more than 
supplied. Freights have dropped, whilst 
working expenses in the vast majority of 
instances remain as before. At the time 
of writing notices of reductions have been 
given to the representatives of the Boiler- 
makers’ and Iron and Steel Shipbuilders’ 
Society on the Tyne, Wear, and Tees, of 
5 per cent. on piece prices and Is. 6d. per 
week on time wages. It is to be sincerely 


hoped that terms, mutually satisfactory to 
employers and employed, may be arrived 
at without recourse to the drastic system of 
strikes or lockouts. 


a2 


A number of new shipbuilding erders have 
been given out recently, including a con- 
siderable amount of Admiralty work; but 
owing to the work in hand rapidly approach- 
ing completion, the effect is merely to fill up 
a few of the berths thus rendered vacant. 

aa 

Apart from conditions of trade, this year 
has been a most interesting one in the mari- 


time world. It has marked the commence- 
ment of a new era in steamship propulsion. 





FLOATING DOCK, CONSTRUCTED BY MESSRS. SWAN HUNTER AND WIGHAM RICHARDSON AND CO, TO REPLACE 
THE-ONE LOST ON THE PASSAGE OUT TO DURBAN. 
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WIGHAM RICHARDSON AND CO. 


The Tyne, famous for many inventions, has 
again come to the forefront as the birthplace 
of a new method in the system of propelling 
ships. The Parsons steam turbine, which 
has already achieved such undisputed suc- 
cess in many classes of vessels, has come to 
be looked upon as the engine of the future. 
The Company’s works at Wallsend-on-Tyne 
have in hand a large amount of work for 
varied types of vessels. 

Distinct success has attended the intro- 
duction of this type of engine in torpedo- 
boat destroyers. The Velox, built by Haw- 
thorne, Leslie & Co., Hebburn-on-Tyne, 
attained a maximum speed of 33? knots per 
hour on trial. The first war vessel, other 
than torpedo-boat destroyers, to be engined 
on this principle is the Amethyst, which was 
launched at Elswick on Nov. 5. Her con- 
tract speed is 21? knots. A cross-channel 
steamer being built by Denny Bros., of 
Dumbarton, for the Larne and Stranraer 
service, has also to be fitted with turbines. 
In addition, two 20-knot passenger ships are 
being built for the Midland Railway Com- 
pany’s new service between Heysham and 
Belfast. Perhaps more interest than ever 
centres itself round the new ocean ships 
being built for the Allan line, and the Union 


Steamship Co. of Tasmania, as these boats 
will demonstrate the utility of the turbine for 
large ocean-going steamships of moderate 
speed. The largest boat under construction 
is the Allan liner Victortan, which is 12,000 
tons gross register, and is to steam between 
163 and 17 knots. The opinion of the Com- 
mission appointed to inquire into the suit- 
ability of the turbine for the new Cunarders 
is being awaited with great interest. 


a2 


Important experiments have recently been 
carried out at the Wallsend Slipway and 
Engineering Co., Wallsend-on-Tyne, with 
the Kérting system of burning oil fuel. The 
fuel is sprayed directly into the furnace 
through a K6rting sprayer by means of a 
pump. The experiments, which were con- 
ducted in the presence of an influential com- 
pany, showed that an evaporation of over 
16 lbs. of water from and at 212 degs. Fahr. 
was obtained per lb. of fuel consumed. The 
company have fitted over 80 vessels with oil- 
burning apparatus, some of the most recent 
being on this system. We hope to. publish 
further particulars in next month’s issue. 
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Messrs. Swan Hunter & Wigham Richard- 
son & Co. have recently turned out two in- 
teresting types of floating structures, of which 
illustrations appear herewith. The floating 
dock was built to replace the one which was 
unfortunately lost on the passage out to 
Durban. The principal dimensions are: 
length 475 ft., width 96ft. 2in. It is capable 
of taking ships up to 68 ft. beam, and has a 
lifting power of 8,500 tons ; and whilst retain- 
ing a freeboard of 4 ft. 3 ins., can take a vessel 
drawing 23 ft. over keel blocks 4 ft. high. 
The dock proper consists of three pontoons 
and two side walls, and is so arranged as to 
be self-docking. The machinery is contained 
in the upper portion of the side-walls, and 
consists of two separate but identical instal- 
lations. The boilers are of the ordinary 
return tube marine type, loft. long by 8 ft. 
6 ins. diam., by Messrs. Cochrane & Co., of 
Annan. The engines are _horizontal-com- 
pound, connected directly to the centrifugal 
pumps, which are placed at the bottom of the 
dock, directly on top of the main drain of 
the pumping system. They are built by 
Messrs. Drysdale, of Glasgow. There are 
44 separate water-tight compartments, with 
a separate pipe leading into each. In addi- 
tion to the main pumping service, there is a 
small direct-acting drainage service into all 
the pontoon compartments, which can also 
be utilised, by changing nozzles. as a washing- 
down service for cleaning the sides of vessels, 
or for filling tanks for testing purposes. The 
pumps for this service were made by Messrs. 
Lamont & Co., of Paisley. The erection of 
the machinery, generally, was carried out by 
the Wallsend Slipway & Engineering Co. 
The fittings consist of the usual keel blocks 
and additional sliding bilge blocks, four 
mechanical shores, four steam warping 
winches, and numerous bollards and timber 
heads. In addition to the ordinary require- 
ments, the dock has a very complete electric 
light installation to enable work to be carried 
out through all hours of the day and night. 
This installation, which is placed in one of 
the side walls, consists of a marine -type 
boiler by Clarke, Chapman & Co., Gateshead- 
on-Tyne, and two separate and identical 
steam dynamos. Sufficient power is pro- 
vided to enable electric drills and other 
machines to be taken from the plug boxes, 
for carrying out work on the hulls of ships in 
the dock. 

42 

The floating workshop for the harbour of 
Durban has been constructed to meet the 
requirements of steamers and other vessels, 
and, being self-propelling, can, if so desired, 
steam direct to such vessels with a view 
to executing repairs, etc. The propelling 
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machinery is by Messrs. Baird & Bros., of 


North Shields. The boiler is of the marine 
type, and works at 130 lbs. pressure. The 
engines are twin-compound vertical direct- 
acting, with cylinders 12 by 26 by 15 in. 
stroke. The large crane, useful generally as 
regards repair work, is also capable of dealing 
with any transport or lifting work in or about 
the harbour ; indeed, under ordinary condi- 
tions of weather, the vessel can conduct 
operations outside the harbour. 

The shop machinery consists of a com- 
plete installation of machines necessary for 
repair work, comprising a_ screw - cutting 
lathe, shaping machine, drilling and tapping 
machine, improved double - geared radial 
drilling machine, 30-cwt. steam hammer and 
punching and shearing machine for plates 
and bars; in addition to which are the 
accessories necessary for repair work. The 
electric generating plant consists of a 
six-pole dynamo capable of giving out 
300 ampéres 110 volts at a speed of 320 
revolutions per minute, and is driven 
direct by a Robey compound engine 8} x 4t 
with all the necessary switch-boards, etc. 
Accommodation is provided for a crew of 
six Europeans and ten natives, with all 
necessary galleys, stores, etc. The bunker 
capacity is 38 tons, and there are tanks to 
hold 18 to 20 tons of fresh water for feed 
p irposes, in addition to separate tanks for 
drinking water. ae 


A propeller, recently patented by Capt. 
Walters, of the Walter’s Propeller Co., 
Liverpool, has been fitted to some ships on 
the north-east coast. The general appear- 
ance bears a distinct difference to the 
orthodox type. With a view to minimising 
the loss due to churning near the hub, the 
hub has been increased to about one-third 
of the diameter of the propeller, and the 
blades, in order to develop maximum 
efficiency, have been given a greater differ- 
ential pitch. In the case of old ships having 
this type fitted, it is necessary to fit a circular 
diaphragm plate on the fore side of the hub 
to prevent any drag on the water. In new 
ships the frames would be swelled out to 
answer this purpose. A cone is fitted on 
the afterside with a wood tail bolted to the 
rudder, in order to obviate any eddying. 
Reports made by engineers of ships fitted 
with this apparatus show that an increase of 
about three-quarters of a knot is attained for 
the same coal consumption, and in heavy 
weather have proved most satisfactory. Ex- 
aminations conducted by engineer surveyors 
have proved that no appreciable wear is 
brought to bear on the tail-end shaft. 
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The Marienfelde-Zossen 


High-Speed Trials.* 


given by the daily papers of the suc- 
cessful results recently obtained with 
the Marienfelde - Zossen high - speed 
trials, it will be of interest here to 
record some particulars as to these experi- 
ments. 

As far back as 1900 Messrs. Siemens & 
Halske installed a small trial-railway at 


| connection with the announcement 





* Readers should refer to a previous article, compiled 
from data furnished by Messrs. Siemens & Halske, that 
appeared in Vol. 8, No. 2 of FeiLpEn’s MaGazine. 





MAP OF THE MARIENFEI.DE-ZOSSEN MILITARY 


RAILWAY. 
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Gross-Lichterfelde, near Berlin, intended 
to be a model normal railway for operation 
by currents at 10,000 volts. It is due to 
the enterprising mind of some of the most 
important German banking and technical 
firms, as well as tothe assistance of the authori- 
ties concerned, that in Igo1 it was decided 
to construct a high-speed railway after the 
model of the Gross-Lichterfelde experimental 
track, a special concern for this purpose 
being founded under the title of “ Studien- 
gesellschaft fiir elektrische Schnellfahrten.” 
Two cars, built respectively by the Siemens 
Company and ‘the Allgemeine Elektricitits 
Ges., were to be used in the. experiments, 
which had for their object the determination 
of practical limits and conditions of high- 
speed electric traction. The Siemens & 
Halske Co. undertook the construction of 
the overhead line, whereas the Allgemeine 
Elektricitats Ges. were willing to generate 
the electric power in their Oberschénweide 
electricity works, as well as to construct the 
feeding line thence to Marienfelde. 

The conditions of the problem to be solved 
were as follows :— 

1. The single-track Marienfelde-Zossen 
military railway near Berlin, 23 km. in 
length, was to be used. This line includes 
gradients up to 1 in 184, the smallest radius 
of curvature being 1,000 m. The line is 
standard gauge and the rails are supported 
by wooden sleepers. 

2. The capacity of the car to be for about 
50 persons, and to conform to the loading 
gauge of the Prussian Railway. 

3. Two standard gauge trucks, with three 
axles each, were to be provided for a maxi- 
mum load of 16 tons per axle, including the 
weight of passengers. 

4. The electric power was to be supplied 
in the form of three-phase alternating current 
at about 10,000 volts and 45 to 50 periods 
per sec. 

5. The steering and control of the motors, 
the application of collectors, and the inser- 
tion of any apparatus to be possible from 
either end of the car. 

5. The maximum speed to be 200 to 220 
km. ( 125 to 138.mls.) per hour, the electric 
equipment being strong enough to avoid any 
excessive heating effect, when traversing a 
track 250 km. (155 mls.) in length, in both 
directions. 

7. The starting and braking distances to 





















be determined, so as to allow 
of sufficient time for observing - 


the consumption of power at fu!l 
speed. The length of the obser- 
vation section was determined 
at 10 km., the time-equivalent 
being about 3 mins. ; two inde- 
pendent brakes, one mechanical 
and one electrical, to be pro- 
vided. 

8. An accumulator battery 
might be used in connection 
with the electric lighting of the 
car. 


The Consumption 
of Power. 


It was naturally anticipated 
that the air resistance would 
represent the main part of the 
total resistance to be overcome. 
As, however, the formulz so far 
used to calculate the total resist- 
ance would give too high a 
value, it was thought advisable 
to separate the air and friction 
resistances. The latter is made 
up of the resistance of sliding 
and rolling friction, and of the 
resistance due to the shocks at 
the joints, as well as to the de- 
flection of the rails. The latter 
is generally assumed to be equal 
to 2°5 kg. per ton; and when 
taking, for safety’s sake, a value 
as high as 4°5 kg. per ton for 
this item, the tractive force 
necessary to overcome this 
resistance on the periphery of the running 
wheel is 

Pr=Gx Wr=96 x 4'5 = about 450kg. 
Now, as the values obtained by this formula 
were also too high, it was necessary to di- 
minish the friction constant by constructive 
means. Special experiments showed a bevel- 
ling of the carriage surface to be very effec- 
tive in this connection, the resistance now 
taking convenient values. At a speed as 
high as 55 m. per sec. the total work per- 
formed by the carriages, as measured on the 
periphery of the running wheel, worked out 
at about 1,000 h.p. 


General Design of the Carriage. 


The following distribution of the various 
units was decided on :— 

1. The mechanical equipment, comprising 
the trucks, wheels, brakes, and accessories 
was placed at a total of 27,300 kg., the body 
and remaining mechanical equipment of the 
car working out to a total of 27,700 kg. 
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VIEW SHOWING THE TRACK AND THE ARRANGEMENT OF THE 
OVERHEAD WIRES. 


2. The electric equipment, made up of the 
following items :— Kg. 
Motors without axles and cage 





including suspension -- 16,300 
Resistances, including exciters . 5,100 
Switching apparatus, including 

compressed-air exciter, electric 

distribution line, fuses, etc. ... 4,700 
Large transformers, ones sus- 

pension ... 12,300 
Air pumps, including suspension 1,000 
Small transformers for the latter 650 
Collectors ... ed 1,300 
Lighting, including battery a 500 

41,900 
Including the weight of 50 persons 
and allowing for a safety factor, 
the total weight reached 94,500 
The Electric Equipment of the 


Cars. 
In order to ensure perfect safety of both 


MOTOR-MAN’S CAB: SIEMENS AND HALSKE CAR. 


passengers and the staff, all the apparatus 
and conductors were arranged below the 
floor or on the ceiling of the car, both being 
protected by grounded metal sheets ; more- 
over, instead of the controlling apparatus 
being actuated immediately from the hand 
of the motor-man, a compressed air installa- 


tion was provided for this purpose. The 
various units constituting the electric appa- 
ratus of the car had to be arranged so as to 
distribute the weight uniformly, instead of 
concentrating the same on one point, this 
ensuring at the same time a ready dissipa- 
tion of the heat generated by the different 
losses in power. The electric equipment 
was accordingly divided into two units, each 
of which comprised : 

1. Two motors with two sets of resistances, 
and two exciters, two switches, and two 
fuses. 

2. Two large transformers with secondary 
triangular and star switches, as well as 
primary high-tension switches and _ high- 
tension fuses. 


Feilden’s Magazine. 


3. One air pump with small 
transformer fuses, and one air 
reservoir. 

4. One collector. 

5. One motor-man’s stand, in- 
cluding the compressed -air 
apparatus and the measuring 
instruments. 

The running wheels are 1,250 
mm. in diameter, and the rate 
of revolution is sufficiently high 
as to make an immediate 
mounting of the motors on the 
axles possible. There are four 
motors—two to each truck— of 
250 h.p., constructed, however, 
with an overload capacity of 200 
per cent. at starting. In order 
to avoid any excessive currents, 
the primary pressure at the 
motors was taken at 1,150 volts 
for full speed and at 1,850 volts 
for starting. The motors are 
controlled in starting by resist- 
ances inserted into the secondary 
of the motor : the latter has, at 
starting, a tension of about 550 
volts. 


The Overhead Line. 


The arrangement of the over- 
head wire, is shown by the 
accompanying figures, the 
middle of the poles being about 
2} m. distant from the centre of 
the track, and the three horizon- 
tal wires being about 1 m. apart. 

The suspension point of the lowest hori- 
zontal line is about 14 m. above the upper 
edge of the rail. The whole of the line is 
divided into sections of about 1 km., each of 
which is provided in the centre with a device 
for compensating losses in tension. The 
zero of the system is connected to earth 
and to the rails. The suspension point is 
horizontally displaced to a certain extent as 
soon as the collector presses against the 
horizontal wire, a satisfactory and simul- 
taneous contact between the three horizontal 
wires and the contact bows being thus 
possible. This is ensured by the single 
parts on the outrigger, intended for bearing 
the insulator, being connected by articula- 
tions. ‘The horizontal wires have a double 
insulation, each alone being susceptible of 
withstanding the whole of the maximum 
pressure of 20,coo volts occurring during the 
service. The three horizontal wires have 
cross sections of 100 sq m. each, the tension 
between each two wires varying between 
10,000 and 12,000 volts. Hard copper wire, 

















with a breaking strength as high as 38 kg. 
per sq. mm. and a conductivity of at least 
97 per cent. of that of chemically pure copper, 
is used. Lightning rods are provided as 
well as safety devices for automatically put- 
ting the wire to earth in case of a fracture 
occurring. 


The Collectors. 


The collectors in the Siemens car are in 
the form of masts and are movable round 
their vertical axis. They are built up of 
two Mannesmann tubes, about 200 mm. in 
diameter, inserted one in the other. By 
means of a crank acting on a double- 
toothed gearing, any desired rotation of the 
mast may be effected from the motor-man’s 
stand. The sliding rings are attached to 
the upper insulated tube. Contact springs, 
screwed by means of hard rubber insulators 
to a special flat-iron frame, are fixed to the 
three sliding rings. Into the insulating tube, 
and partly into the lower part of the collector, 
the upper tube is slipped, so as to be readily 
dismounted after loosening some screws. 
This tube bears, at central distances of I m. 
each, three rotating axles for the contact 
bows proper. The wind pressure against the 
bow on one side of the rotating axle is out- 
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CONNECTIONS: SIEMENS AND HALSKE CAR. 
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balanced by means of a surface attached to 
the other side of the axle. In the Allgemeine 
Elektricitéts Ges. car the arrangement is 
quite similar but for the contact bows being 
mounted behind one another. The Siemens 
and Allgemeine Elektricitaéts Ges. cars are 
little different as to their exterior form but 
for the former being one meter longer and 
somewhat narrower than the latter. These 
small differences are, however, likely to give 
interesting results as to the influence of the 
design on the air resistance of the car, this 
resistance increasing most rapidly for aug- 
menting speeds, and eventually consuming 
by far the greater part of the energy. As 
regards the electric equipment, there are 
more essential differences, the four motors 
driving the Siemens car being mounted 
rigidly on the axle, whereas in the Allge- 
meine Elektricitats Ges. car they are placed 
on springs in a frame fixed on the axle-box. 
The resistances necessary in starting are in 
the Siemens and Halske car made of metal, 
being operated through a controlling roller 
driven by compressed air. With the Allge- 
meine Elektricitats Ges. car, on the other 
hand, starting is attained through a novel 
form of liquid resistances, allowing the 
output to be accurately regulated and an 
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excessive heating of the resistance made 
impossible. The steering of this apparatus 
is affected from the motor-man’s cab through 
a simple mechanical gearing. 

The permanent way was originally bal- 
lasted with gravel ; the latter, however, was 
eventually replaced by a bed of finely- 
pounded basalt before this year’s experiments 
were entered upon. 

The experiments made in the course of 
1901 and 1902 allowed of speeds as high 
as 150 to 160km. being reached. As, how- 
ever, considerable oscillation and shocks 
were experienced by the car even with these 
speeds, in addition to deflections of the rails 
and cracks in the sleepers taking place, it 
was thought advisable to reconstruct the 
track, the specification adopted being the 
heavy permanent way used in connection 
with Prussian state railways. Special safety 
devices against derailments were provided, 
made up of two horizontal rails placed 
50mm. above the running surface. As far, 
however, as experiments were made, these 
sliding rails were never operative, thus 


showing the usual type of permanent ways 
to be fully suitable even for speeds as high 
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as 200 km. In addition to the rails the 
design of trucks was revised, the distance 
of the wheels being increased from 35 m. to 
5 m., the pivot being made capable of 
taking up lateral movements, and the frames 
covering part of the springs being replaced 
by a design which permitted a ready inspec- 
tion of these parts. By the use of compen- 
sating levers similar to those used in connec- 
tion with locomotives, a uniform distribution 
of the weight of the car over the various 
wheels was ensured. Excellent results at- 
tended these modifications, the cars running 
now at the prescribed maximum speeds as 
steadily as in the case of speeds of about 
130 or 140km. The distribution line had 
also to be modified in order to avoid frac- 
tures and short circuits, which formerly 
occurred occasionally. This was ensured by 
adopting lighter contact bows, fitted with 
better springs, as well as by some alterations 
of the overhead wire itself being made. 

The experiments made in the course of 
rgo1-2 had shown the electric equipment 
and the distribution line to give excellent 
results for speeds up to 160 km. per hour. 
The above-mentioned modification of the 
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experimental railway occupied part of the 
year 1902, the remainder of which was taken 
up by experiments on the consumption of 
energy, etc., for speeds up to 130 km. The 
results of the improvements made were 
shown in connection with the recent trials 
to be most satisfactory and even surprising. 
The track not only fully withstands the 
strain to which it is put by trials with ever- 
increasing speed, but the cars now run with 
a steadiness such as to reduce shock to the 
rails to a minimum. It is, for instance, 
possible for an inspector to write down the 
readings of the measuring instruments when 
standing in the middle of the car even at full 
speed. 

After reaching speeds as high as 189 km. 
‘per hour at the end of Sept. last, it was anti- 
cipated that the resumption of the experi- 
ments at the beginning of October would lead 
to the maximum speed of 200 km. being 
finally arrived at. This was actually the 
case on October 6th, the event being watched 
by a great number of lookers-on. In fact, 
the morning suburban trains leaving the 
Potsdamer Platz Ringbahn station, at 
Berlin, were filled both with engineers and 
the public anxious to attend the trials, and 
going to one or another of the trial railway 


The Marienfelde-Zossen High-Speed Trials. 


THE ALLGEMEINE ELEKTRICITATS GESELLSCHAFT CAR, 


stations, if they were not to take a part in 
the trials, this being a privilege of only a 
few. The distance between Marienfelde 
and Zossen, being 23km. in length, was re- 
peatedly traversed in not more than 8 mins., 
including starting and pulling up; the 
maximum speed of 201 km. (126 mls.) being 
actually reached on the Mahlow-Dahlwitz- 
Rangsdorff section of 5 km., traversed 
throughout in 14 mins. The mean speed of 
175 km. per hour., including braking and 
starting, would enable the journey between 
Berlin and Cologne (577 km.) to be com- 
pleted in about 3} hrs., whereas the quickest 
present trains take fully 9 hrs. 

The great success of October 6th has even 
been surpassed by the experiments made 
in the course of the subsequent weeks. On 
one hand, the Siemens car, which first was 
allowed to prove its possibilities, reached 
speeds as high as 207 km. per hour on 
October 23rd on a gradient of I : 200, corre- 
sponding with 210 km. on the horizontal line. 
On the other hand, the Allgemeine Elek- 
tricitats Ges. car, commencing the trials only 
after the 200 km. record run of its rival, has 
rapidly made up for the delay occasioned 
by some reconstructions. Commencing with 
moderate speeds of about 150 km., so as to 
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ascertain the working condition of the car, 
a maximum speed of 210'2 km. was reached 
on October 28th. Both cars have thus proved 
equal in strength, the small differences in 
the maximum speeds being, as a matter of 
course, due to quite accidental conditions of 
the current supply. The respective qualities 
of either car will have to be ascertained by 
the further trials. It is not intended raising 
the maximum speed to any materially higher 
figures for some time, though both the cars 
and the track are likely to stand considerably 
higher strains. 

In a car running at such exceedingly high 
speeds, the neighbouring objects, of course, 
will disappear from view. Though the motor- 
man would be able to distinguish obstacles 
on the track, this would be of little use, the 
braking distance—v.e. the distance from the 
beginning of braking to the stopping of the 
train—being 2 km. Lookers-on could just 
distinguish the presence of men in the car ; 
before, however, being able to fix their 
figures the car had absolutely disappeared 
from view. Though the track is very straight, 
30 seconds at the most elapsed between the 
first appearance of the car and its disappear- 
ance on the horizon. 

The difference between electric and steam 
operation of railways from an economical 
point of view is shown by the following 
calculations made by Dr. Reichel. A steam 
railway train, comprising a steam locomotive 
and six carriages, weighs, say, 330,000 kg., 
contains 168 seats, and consumes 1,400 h.p. 
at full speed. On the other hand an electric 
train, consisting of one motor-car and four 
trailers, would have a weight of 260,000 kg., 
contain 180 seats, and consume 1,000 h.p. 
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The first cost is about equal in both cases, 
being about £20,000. The cost of operation 
of the train itself would work out for each 
100 km. at 6$d. per seat in the case of steam 
locomotives, and at about 6}d. in the case of 
electric operation. Hence it may be inferred 
that electric railways are by no means 
economically so inferior to steam railways 
as many are inclined to think. 

These figures would therefore appear to 
evidence the justifiability of the employment 
of capital for the construction -of electric 
high-speed railways, provided always the 
‘traffic was sufficient to warrant the economy 
of the enterprise. Anyhow, the Marienfelde- 
Zossen experiments have shown the practi- 
cability of speeds as high as 200 km. per 
hour, and this, no doubt, will not fail to have 
some influence on the future development of 
railways in general. The limits of speed 
capable of being reached with the present 
system is particularly coincident with the 
above figure ; in fact, in spite of the most 
careful design of the collectors, the contact 
of the overhead wire begins to lose in safety 
at speeds of 200 km., especially at curves, 
where the overhead wire has a polygonal 
form. On the other hand, the consumption 
of power, stated at 1,600 h.p., is so consider- 
able as to make such high speeds inadvisable. 
Dr. Reichel therefore suggests choosing at 
the present moment maximum speeds of 160 
to 170 km. which may be maintained with 
perfect safety. : ; 

My thanks are due to the Siemens, & 
Halske Co. and to the Allgemeine, to whose 
courtesy I am indebted for part of the data 
here given, and who also kindly supplied the 
photographs. 


A. G. 


It has been represented to us from time to time by numerous readers and 
advertisers that the title at present borne by this Journal does not adequately 
describe its position in the literature of technology, nor does it indicate the 
thoroughly technical character of its contents. 


It has been decided therefore that commencing with the JANUARY 
Number of 1904, the title will be altered to 


The Engineering Review, 


formerly 
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The Presidential 
Address to the 
Institution of 
Electrical Engineers. 


THE Presidential Address delivered by 
Mr. R. Kaye Gray at the first meeting of 
the session of the Institution of Electrical 
Engineers is not likely to occasion such 
an embittered controversy as that which 
followed the address of Mr. Swinburne on 
a similar occasion a year ago, but it con- 
tains several suggestive ideas which are 
worthy of attention. The main portion 
of the address was devoted to a summary 
of recent progress in the different depart- 
ments of electrical engineering, and it 
shows that in every direction the applica- 
tion of electricity to technical industries is 
becoming more extensive, and the demand 
for electric power and lighting is steadily 
on the increase. The statistics given by 
.Mr. Gray are interesting and useful, as 
they cover many diverse subjects, for 
information on which one has_ usually 
to search far and wide. This portion of 
the address, however, does not call for 
discussion, as it is almost purely confined 
to statements of fact, on which differénce 
of opinion is hardly possible. But in one 
or two places in the course of his address 
Mr. Gray has dealt with ideas as distinct 
from facts, and with questions of policy 
about which opinions may, and do, differ 
much ; and as contradiction is always a 
strong force in human nature, we should 
not be surprised if the attention of the 
public becomes fixed on these argumenta- 
tive sections to such an extent that the 
historical portion may be entirely over- 
looked. 

The first point to which attention may 
be drawn is the reference to the proposed 
introduction of the decimal system to 
replace our present system of weights and 


measures. Against this proposal Mr. Gray 
desires to protest, but his is not an un- 
reasoning opposition. There can be no 
doubt that in many branches of scientific 
work the use of the decimal system is an 
enormous advantage, and, indeed, practi- 
cally a necessity, as our English units 
prove quite unworkable. This Mr. Gray is 
ready to admit; he agrees that to have a 
common relation between the various units 
in such subjects as physics and chemistry 
is a great gain, but he is not prepared to 
step at once from the particular to the 
universal and to say that the system could 
with the same advantage be brought into 
common use to-the exclusion of all others. 
He scores distinctly when he points out 
that even France, the country of origin of 
the decimal system, has almost as many 
different units in use in common life as 
we have :— 

**In France, precious stones are to-day 
bought and sold in carats; firewood in 
cordes; milk in pintes; gravel in toises; 
grain, potatos, and charcoal in boisseaux ; 
wine in barriques, feuillettes, demi-setiers, 
and chopines; wood for construction in 
pieds, pouces, and lignes; beer in canettes 
and pots; sugar and coffee among the poor 
people are dealt with in livres, demi-livres, 
etc. Cattle dealing is carried on in pistoles 
and écus, and not in francs. | Finally, they 
have just issued a 25-centime piece, doubtless 
because it represents a quarter of a franc.” 

This tends to support Mr. Gray’s view 
that the decimal system, applied to weights, 
measures, and money, offers too limited a 
field for the operations of ordinary life. 
Our system certainly has disadvantages, 
but it has one great advantage. With a 
system in which 12 is the unit, it is pos- 
sible to have both fourths and thirds as 
perfectly definite quantities, whereas on 
the decimal system thirds lead to recur- 
ring decimals. There is, however, room 
for both systems—both are now legal— 
and where firms are dealing with foreign 
countries they ought to consider the advis- 





ability of quoting dimensions, weights, and 
prices in catalogues and trade circulars in 
decimal as well as in the English system. 
We believe Mr. Gray would agree with 
us in this view; what he protests against 
is the idea of legislating to enforce the 
decimal system to the exclusion of others, 
and there is much to be said for his view. 

The only other point in the address 
which we can at present find space to 
mention is the president’s reference to 
the “foreign invasion,” and the need for 
technical education. Mr. Gray is not an 
alarmist on this subject. He takes the 
very sane view that we help ourselves by 
welcoming in our midst the skilled men 
of other countries, using them to maintain 
supremacy in some of our productions ; 
but he would prefer that we should have 
countrymen of our own of equal education 
and skill to do the work now given to 
foreigners. The electrical industry, as 
Mr. Gray points out, does not suffer 
much in this matter, as the large majority 
of our electrical engineers have been born 
and educated in this country; but the 


chemical industry affords a striking illus- 


tration of the evil indicated. Indeed, 
through lack of enterprise, that industry 
was allowed to pass away to a very large 
extent, although in many cases the raw 
material for the industry is supplied from 
this country, as in the case of the coal-tar 
dyes. There is no reason why, since we 
have the raw material and also make large 
use of the finished dyes, the manufacture 
of these dyes should not be done here 
instead of abroad. Lack of enterprise 
began the mischief, and lack of a suff- 
cient number of highly-trained scientific 
chemists completed it. There is an im- 
provement now, but there is still room for 
further improvement in the facilities for 
proper instruction. If in the electrical 
and other industries we have cause for 
complaint that our manufacturers are 
handicapped in the competition for foreign 
markets, let us at least take care that at 
home we are not, in the words of Mr. 
Gray, “beaten in the race in which the 
foreigner is handicapped.” This is a 
point which has been somewhat over- 
looked, and Mr. Gray has done good 
service in bringing it out so clearly. 


Feilden’s Magazine. 


British Imports. 


Nor less serious than the decreased 
exports of British manufactures to pro- 
tected countries, is the increased, and 
increasing, import of foreign manufactured 
goods into this country. It has been, and 
still is, contended that the free import 
system is a source of national wealth, and 
that the growth of imports is g develop- 
ment over which the people of Great 
Rritain should rejoice exceedingly. 

Examination of available statistics does 
not lead us to share such opinions, and it 
is difficult to believe that they can be 
held by any man in the possession of his 
senses. 

The Board of Trade Returns show that 
our imports of manufactured goods from 
1872 to 1902 have been— 

1872 ... ek ..» 63,000,000 
1882 ... ie «ss 94,000,000 
1892 .. ns +++ 99,000,000 
1902 ... 149,000,000 

Again, the statistics of importation for 
the period 1882-1902, analysed and pre- 
sented in the form of percentages, give the 
following results :— 


Raw Martre- Manvu- 
YEAR Foop. RfaLs. FACTURES. 


1882 43°7 40°2 12°5 
1887 42°1 39°3 15"0 
1892 44°4 36°5 15°4 
1897 42°9 34°8 18°9 
1902425 350187 

From these figures we find that raw 
materials show a steady and considerable 
decline, and that manufactured goods show 
a most ominous increase. 

Here we see most clearly the baleful 
influence of the free import system. The 
smaller percentage of raw materials and 
the larger percentage of manufactures 
imply direct loss to British manufacturers, 
and a direct loss of wages to British 
workmen. 

Quite an opposite tendency is observ- 
able in the case of Germany. Thus, 
taking percentages in the same way for 
the period 1880-1900, we have— 

Raw Mate- Manv- 
VEAR. Foon. RIALS. FACTURES. 
1880 32°6 39°6 27°8 
1885 30°3 41°2 28°5 
1890 33°5 42°9 236 
1895 33°7 43°8 22°5 
1900 30°0 48°6 20°8 
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Food imported here shows a slight 
decline, while imports of raw materials 
have greatly increased, and imports of 
manufactured goods have fallen to a 
corresponding extent. 

If protection be wrong, then it must be 
equally wrong to encourage national in- 
dustries, for the experience of Germany 
proves conclusively that the two things 
are inalienably connected. 

Let us now look a little more closely at 
the character of British imports. The 
total imports of iron and steel, including 
machinery, into the United Kingdom 
amounted to less than £1,500,000 in 
1870, to nearly £ 4,000,000 in 1880, to 
416,250,000 in Igo1, and to more than 
£,16,000,000 in 1902; the most promi- 
nent item in this wonderful increase being 
machinery. 

It should be noted that while our 
imports of iron and steel, excluding iron 
ores, amounted to £ 10,250,000 in 1901, 
they had decreased to about £ 7,300,000 
in 1902. On the other hand our imports 


of machinery, millwork, electrical appa- 
ratus, cycles, motor cars, cutlery, and 


hardware, increased from £ 6,000,000 in 
1901 to more than £8,600,000 in 1902. 

We sometimes hear the contention that 
a large proportion of our imports, classi- 
fied under the general head of iron and 
steel, should be regarded as raw materials 
for use in the manufacture of more highly 
finished goods. This theory rests upon a 
very unsubstantial basis, for of the total 
imports of iron and steel in 1902 only 
about £3,300,000 out of £16,000,000 
can be justly classified as raw material to 
be employed in this manner. Therefore 
no more than 20 per cent. of these imports 
consists of raw material, and the balance 
of 80 per cent. is made up of finished 
products. 

This condition of things is an absolute 
condemnation of the free import system in 
a country which, like our own, is so 
largely dependent upon the prosperity and 
expansion of the iron and steel industries. 

Turning now to some other branches 
of trade, we find equally small cause for 
congratulation. 

Of the various industries which are 
being affected by imports of foreign-made 
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goods, mention must be made of the glass 
trade, which has suffered more than any 
from the pernicious influence of the free 
import system. St. Helens, the principal 
centre of the glass industry, is losing trade 
year by year. Factory after factory has 
been shut down, and within the last two 
or three months one of the largest plate- 
glass works in the district has been closed. 
At one time the bulk of the world’s supply 
of glass came from St. Helens, but to-day 
the industry is nearly dead. 

Years ago the Tyne was almost as well 
known for glass as for coal, but the trade 
has practically vanished. No fewer than 
twenty-five glass works have been closed 
through foreign competition. Within 
thirty years the imports of glass have 
increased threefold, and on the Tyne, as 
well as at St. Helens, large numbers of 
British workmen have lost their occupa- 
tion; and yet we are told that free 
imports constitute the greatest blessing 
this country has ever known. 

Let us take also the case of chemicals. 
Widnes, once the chief seat of the in- 
dustry, has lost its pre-eminent position. 
Nothing can stand against foreign duties 
and free markets at home. So trade in 
Widnes has declined year by year, its 
population decreased from 30,000 to 
28,580 between 1891 and 1go1, and the 
working classes are suffering severe priva- 
tion. Branch after branch of the brass 
trade has been ruined by the free impor- 
tation of German goods, while the more 
astute foreigner charges a duty of 25 per 
cent. on British manufactures of the same 
class. 

It would be easy to multiply instances 
of the ruin caused by the folly of our 
effete fiscal regulations, but we have said 
enough to show the urgent necessity 
existing for reform. Some people tell us 
there is no need for reform, because, on 
the whole, the country has prospered since 
the free-import system was introduced. 
We do not for a moment deny the fact 
that there has been much prosperity, but 
we emphasize the point that many impor- 
tant industries have been ruined, and 
others are being ruined, by the system 
wrongly termed “free trade.” Further, we 
contend that the country has not prospered 
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to anything like the extent evidenced in 
other countries that are protective, and 
have been so for many years. If protection 
would be bad for the United Kingdom, it 
should be bad for other countries; but 
we know by the prodigious strides made 
in Germany and the United States that 
the protection of national industries has 
proved to be both wise and judicious. 
The trade of the United Kingdom has 
prospered in spite of the free import 
system, and not because of it. 

If any further argument were required 
to prove the necessity for protective 
legislation, it would be sufficient to read 
the alarmed comments of foreign news- 
papers upon the proposals now made for the 
reform of British fiscal legislation. These 
journals all regard with apprehension the 
movement now in progress for the preser- 
vation of British trade and manufactures. 
And they have good reason to fear, for, as 
an American newspaper aptly remarks, 
““Whoever does not perceive that Mr. 
Chamberlain’s proposal is for the benefit 
of England and Englishmen, is a fool. 
Woe to any trading people, German or 
Yankee, which does not recognise the 
momentous situation and prepare for the 
results.” 


a 


Standard Direct 
Current Pressures 
and Standard 
Frequencies. 


ANOTHER stage has been reached in 
the labours of the Engineering Standards 
Committee by the issue of the report of 
the Sub-committee on Generators, Motors 
and Transformers, to whom was entrusted 
the important work of fixing the standards 
of electrical pressures and frequencies. 

It was decided that the most advan- 
tageous method of approachingthe probiem 
would be from the point of view of those 
most affected, viz., the users of lamps and 
of motors for power purposes. It was, 
therefore, agreed that the standard pres- 
sures to be suggested should be measured 
at the consumers’ terminals, as settled by 
the Act of 1899. 
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After careful consideration, it became 
evident to the sub-committee that the 
direct current pressures of 110, 220, 440, 
and 500 volts would best meet the re- 
quirements, because carcases built for 
these standard pressures could be utilised 
for pressures ro per cent. above or below 
the suggested standards, without any 
alteration whatever in the castings or 
mechanical components, by- merely 
altering the windings and excitation. 

Before coming to their final decision, 
the Sub-committee on Generators, Motors 
and Transformers conferred with the Sub- 
committee on Electrical Tramways, and 
a joint meeting took place, with the result 
that the pressure of 500 volts, which most 
concerned the latter sub-committee, was 
agreed to, and in addition to the pressures 
already agreed to, 600 volts was decided 
upon as the standard pressure for electrical 
railways. 

The question of the adoption of standard 
frequencies, although of equal importance 
with that of standard pressures, was not 
surrounded with the same difficulties. It 
was, however, deemed advisable to fix 
upon the standard frequencies at the 
earliest possible stage of*the work, as no 
progress could be made in the standardi- 
sation of prime movers for driving alter- 
nate current machinery until such time as 
the frequencies had been settled upon. 
On this question there appeared to be a 
great preponderance in favour of fre- 
quencies of 25 and 50. The only point 
upon which any serious difference of 
opinion appeared to exist was the advisa- 


. bility of the adoption of a third frequency 


of 40 or 42, to enable rotary converters to 
be used to the fullest advantage. All the 
arguments in favour of this third frequency 
were fully discussed, but after carefully 
weighing the pros and cons the sub-com- 
mittee decided not to recommend the 
adoption of more than two frequencies, 
namely, 25 and 50. 

The recommendations of the sub-com- 
mittee were then submitted to the Elec- 
trical Plant Committee, the Publication 
Committee, the Main Committee, and the 
Board of Trade for their approval. 

This having been obtained, it was 
deemed advisable, in the interests of the 
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electrical industry of the country, that the 
findings on the questions of direct current 
pressures and frequencies should be pub- 
lished at an early date, without waiting for 
the completion of the entire Report to be 
issued at a later date. 

The following are the resolutions on 
standard direct-current pressures and 
standard frequencies :— 

(1.) That the standard direct-current 
pressures, measured at the con- 
sumers’ terminals, be : 

I10, 220, 440, 500 volts. 

(2.) That the standard direct-current 
pressures, measured at the  ter- 
minals of the motors, be : 

For tramways, 500 volts. 
For railways, 600 volts. 

(3.) That 25 periods per second be the 
standard frequency for : 

(a2) Systems involving conversion 
to direct current by means of 
rotary converters. 

(4) Large power schemes over long 
distances. 

(c) Three - phase railway work, 
where motor gearing and the 
inductive drop on the track rail 
have to be considered. 

(4.) That 50 periods per second be the 
standard frequency for : 

(a) Mixed power and lighting on 

town supply mains. 

(4) Ordinary factory power plant. 

(c) All medium-size power plant 

where rotary converters are not 
employed. 

It is to be hoped that now these direct- 
current pressures have been fixed as 
standards by the Committee, they will in 
future be universally adopted by the engi- 
neers advising corporations and others 
distributing electrical energy. In course 
-of time the benefits to the electrical in- 
dustry at large, which will certainly follow 
the adoption of these standard pressures, 
must become more and more apparent. 

Fee 


The Edison 
Storage Battery. 


ACCORDING to the Eilectro-Chemist and 
Metallurgist, recent information from the 
States is to the effect that the much-dis- 
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cussed Edison accumulator is now being 
placed on the marketatthe moderate selling 
price of 15 dols. each. A big factory is 
apparently in course of erection to deal 
effectually with the manufacture of this 
battery, and when these works are in full 
swing it is anticipated that the selling 
price will be further reduced. 

Some further figures are now available 
as to working of the accumulator, the 
Electrical World and Engineer of New 
York having published an abstract from a 
report of valuable tests carried out by Mr. 
W. Hibbert, F.I.C.. on a cell weighing 
17°8 lbs. This cell is of rectangular 
shape, is 13 inches high, and 5°1 x 3°5 
inches across. Itcontains 14 positive and 
14 negative plates. Both positive and 
negative plates are made of nickel-plated 
sheet-steel punched with rectangular holes. 
In these holes the pockets containing active 
material are placed. The pockets in the 
negative plate contain finely divided iron, 
those in the positive peroxide of nickel. 
The electrolyte is a 20 per cent. solution 
of potash. Since the liquid simply acts 
as an electrolytic conductor and not as 
active material, a small quantity only is 
required : on this account, as also owing 
to the rigidity of the steel plates, the elec- 
trodes can be placed very close together. 
The cell is sealed air-tight in its steel case, 
a valve being supplied for the exit of 
the gases. The e.m.f. of the cell is 
1°33 volts, the internal resistance 0’0013 
ohms. The output at 60 ampéres is 210 
watt-hours, or at the rate of 11°8 watt- 
hours per lb. of cell. Curves are given 
showing the p.d. during discharge at 
varying rates from 30 to 200 amperes. 
At 120 amperes the output was gi per 
cent. of the maximum, whilst even at 200 
ampéres, the quantity (ampére-hours) is 
82 per cent. of the maximum. Other 
curves represent a case in which the dis- 
charge was started at 60 ampéres; after 
five minutes this was increased to 230 
ampéres, then again reduced to 60, and 
soon. The cell yielded the high current, 
and recovered almost instantaneously. A 
high charging-rate can also be employed 
without harm. After three months’ work 
the capacity of the cell had remained the 
same, neither increasing nor diminishing. 
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Experiments with 
Rapid-Cutting Steel Tools. 


URING the past month a special 
meeting of the Manchester Associa- 
tion of Engineers was held for the 
purpose of receiving a report pre- 
pared by Dr. J. T. Nicholson on a 

series of experiments with rapid-cutting steel 
tools. The investigations were carried out 
at the Manchester Municipal School of 
Technology, under the auspices of a joint 
committee of members of the Manchester 
Association of Engineers and of members of 
the School of Technology sub-committee, 
together with Dr. Nicholson, who is the 
professor of mechanical engineering at that 
school. 

All the tool steel making firms whose 
names were familiar to members of the com- 
mittee at that time as having specialised a 
steel for rapid cutting were written to and 
invited to participate in the trials, under 
conditions then issued, by sending tools and 
having representatives present during the 
experiments with their own tools. The 
names of the tool steel makers who accepted 
this invitation and sent tools for the experi- 
ments will be found in the tables giving the 
results. Applications received later from 
other steel making firms wishing to parti- 
cipate had to be refused to avoid prolonging 
the trials unduly, it being felt that a sufficient 
number had entered to render the experi- 
ments of value for the guidance of tool steel 
users as to the possibilities of the new steels. 

It was decided to confine the experiments 
to lathe tools, and to record the weight of 
material removed, area of surface machined, 
cutting speed, depth of cut, traverse per 
revolution, duration of trial, condition of tool 
at end of trial, and power absorbed during 
the trial. The angles of the tools, how 
hardened and ground, the height of the 
cutting edge in relation to centre of lathe, 
were also to be noted. 

After careful consideration it was decided 
to leave the shape of the tools to the makers 
rather than specify the angles to which the 
tools were to be ground, the reason for 
this decision being that the intention of the 
experiments was to bring out the best results 
obtainable rather than to ascertain which 
was the best brand under equal competitive 
conditions. This could be ascertained by 
tool steel users for themselves. 

It was decided that the following should 


be the percentage of carbon in the steels to 
be operated upon :— 
Soft Steel... 
Medium Steel 0°3% 
Hard Steel 0°5 % 

A preliminary trial was made on that date 
with a Io-in. lathe obtained from Messrs. 
Hetherington & Sons ; but it was found that 
the capacity of the lathe was not great 
enough for the size of bars, both as to dia- 
meter and length, which it would be neces 
sary to operate upon in order to have suffi- 
cient surface for the speeds and lengths of 
trial intended. 

The committee then accepted the offer of 
Messrs. Sir W. G. Armstrong, Whitworth & 
Co., Ltd., to place a lathe of greater capacity 
at their disposal for the purpose of the ex 
periments ; as also the further offer to supply, 
free of charge, the three bars of steel and the 
three bars of cast-iron required for the tests, 

The careful consideration of the committee 
was given to the question of the duration of 
the various trials, and the cut and traverse 
to be taken upon each. * The following four 
series of trials were made upon each of the 
six materials operated upon :— 


0'2 % 


- 





Traverse 


Object of Trial. .. Cw 


To remove. maximum 
weight per minute 
To machine maximum 
area of surface te 
To obtain maximum cut- 
ting speed .. a 
To obtain maximum cut- | 
ting speed ... | 





Duration of trials upon Soft Steel 20 minutes. 
” Medium Steel 30 __—»~, 
$9 Hard 5 3° 5s 
Soft Cast-iron 30 _,, 
Medium ,, 30° 5, 
Hard —~ ae ss 
for *5 by 4 cuts. 
HardCast-iron 30 ___,, 
for all others. 


As an amendment to the first instructions 
issued to the tool makers it was agreed to 
allow them to submit 24 tools, instead of 12 ; 
one for each of the four trials on the six 
specimens to be operated upon, or, in case 
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they should prefer to use one tool for two 
tests, as originally intended, it was agreed 
that such tool might be re-forged or re-ground 
at the School in the presence of the Com- 
mittee. Soon after the commencement of 
the trials competitors, were allowed to increase 
their cutting speeds during a trial by an 
amount not exceeding 124 per cent. of the 
speed at starting. 

A series of “endurance” tests was also 
carried out. These trials were of two hours’ 
duration, and were made with one tool of 
each maker upon both soft steel and medium 
cast-iron (of which materials sufficient re- 
mained for these further experiments). The 
tools were chosen from those already used, 
and were re-forged at the School to the 
makers’ instructions, and afterwards ground 
to a shape common to all. 


Procedure in Making the Tests. 

Th2 mode of procedure in carrying out 
the trials was as follows : 

In all cases the skin was first removed, and 
the bar was machined over at the same 
traverse as that to be used in the test, so 


that sufficient area of surface was available - 


for the trial at the speed of cutting and 
duration proposed. 

A sketch was then made of the bar, and 
its diameters accurately measured in two or 
more places in the part to be operated on. 
The distance from the end of the bar 
at which the cut was to commence was 
measured. 

The tool, having been measured, was placed 
in position to the instructions of the steel 
maker’s representative, its position rela- 
tively to the centre of the work and its over- 
hang from the slide rest being noted. 

The lathe having meanwhile been started, 
observations of the surface speed of the bar 
were taken, and the motor speed adjusted 
until the desired cutting speed of the job was 
arrived at. 

The self-acting traverse was then put in 
gear, and the tool set up until the point of 
the tool just scraped the bottom of the groove 
left by the last turning. This tool slide 
screw was fitted with a disc having its edges 
‘ marked with a zero mark, and with the four 
depths of cut usually employed—viz., ;, in., 

in., 3 in., # in.*} and any one of those 
marks could be set opposite to an index 
mark on the tool-rest. When the tool was 
set up to the work as described, care was 
taken that the disc was at zero. 

The self-acting gear was then thrown out, 
the slide screw turned back a little, and the 
saddle moved to the right by hand suffi- 
ciently to clear. 

The tool slide screw was then used to set 
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the tool forward until the disc showed the 
required cut opposite the index mark. The 
tool was then ready for starting the test. 

At the time of entering upon the cut the 
time was exactly noted, and another observer 
noted the reading of a revolution counter 
worked from a crank on the lathe spindle. 

This counter, as also the voltmeter and 
ammeter connected with the motor brushes, 
were read every two minutes throughout the 
trial ; frequent observations of the motor 
speed were also made with a Horn’s Tacho- 
graph, which read accurately. 

If the tool kept a reasonably good point, 
and appeared to be cutting all right, it was 
not withdrawn until the expiration of an 
agreed-upon time, such as 20, 30, or 60 
minutes, even if it had ceased to take the 
full cut to which it was set. 

After withdrawal of the tool the lathe was 
run for a little while at the average speed of 
the trial, to enable the electrical horse-power 
exerted by the motor, in running it light, to 
be observed. This was always necessary, as 
the bars were differently supported with 
wood chocks in different trials, and the 
friction horse-power running light varied 
considerably. 

All cuttings were collected and weighed. 


Description of Lathe used for these 
Trials. 


The lathe was a 15-in. centre screw-cutting 
lathe, taking in a length of 9 ft. 6ins. between 
centres. For these experiments it was fitted 
with 18-in. centre headstocks ; the fast head- 
stock having both double and treble back 
gears, the gear-ratio being 14'9 to I and 
42°5 to 1. This headstock was specially 
fitted with a three-step cone suitable for a 
6-in. belt. The bed was replaned, and a new 
compound slide-rest was fitted. 

The lathe was driven by a direct-current 
shunt-wound Schuckert motor of 120 e.h.p., 
supplied with current from the three-wire 
power leads of the school at a voltage of 220. 
A large air-cooled rheostat of 38 steps, with 
a maximum resistance of 3°2 ohms, was con- 
nected in the main circuit between line and 
brushes, and with this apparatus the speed 
of the motor could be varied between 150 
and 300 revolutions per minute at no load 
on the lathe, and from 60 to 300 revolutions 
per minute with heavy cuts by simply moving 
the rheostat handle, as shown in Fig. 1. 

The lathe was driven through two inter- 
mediate countershafts. The motor pulley 
30-in. diameter drove on to a 36-in. diameter 
pulley by a 1o-in. belt. From the first counter- 
shaft another 1o-in. belt drove from a 36-in. 
pulley thereon to a 30-in. pulley on the second 
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"1G. 1. —METHOD OF DRIVING AND OF MEASURING FORCE TRANSMITTED. 


countershaft. On the latter three pulleys 
were set opposite the three cone pulleys on 
the lathe. 

Diameter of pulleys :— 


Countershaft 32°7 ins. 
Lathe cone 15°67 ins. 


27°85 ins. and 23°68 ins. 
19°58 ins. and 23°58 ins 


Thus the speed ratio of lathe spindle to 
motor shaft was as follows :— 


cut; when the tool had been withdrawn, 
and the motor speed thereafter re-adjusted 
to its average during the test, two readings 
were taken of the same quantities with the 
lathe running light. The difference between 
the electrical horse-power of the motor when 
driving the cutting tool and when only driv- 
ing the lathe and intermediate gearing gives 
the net horse-power required for cutting, 
and if this be multiplied by 
33,000 and divided by the 





Spindle to 
| Motor. 


Particulars of Drive. 


Surface speed of Bar, 5 ft. circum- 
ference, with motor running at 


cutting speed, we obtain the 
force exerted in cutting in 





300 revs. 


200 Tevs. 
per min. | 


Gear. 


| . 
Cone Pulley|Speed ratio. | 
| | 


| 2°075 
| 1°413 
| 1°o 
“er 
"0954 
*0674 


2086 
1414 
1000 

138 


Small 
Middle 
Large 
Small 
Middle 
ee Large 
Treble Small *0490 
” Middle | °*0334 
Large "0235 


Single 3130 
2120 
1500 
209 
143 
101 
7°35 
50°2 
35°3 


Double 
” | 96 
68 
49 

33°4 

23°6 


” 


permin. | 


pounds. 

The correctness of the figure 
so deduced depends upon the 
accuracy of the assumption 
which underlies this method 
—that the waste horse-power 
of the drive remains the same 
when the lathe is cutting as 
when it is running light (with 
the forging in place). This 
waste horse-power consists of 
-—-firstly, lost electrical energy 
in the motor, due to ohmic 


| 100 revs. 
| per min. 
|— cca 
| 1043 
797 
500 
69 
48 
34 
24°5 
16°7 
11°8 








Any required cutting speed between 12 ft. 
and 200 ft. per minute could thus be obtained 
with the back gears in use, upon a bar of 5-ft. 
circumference with great convenience. 


Description of the Apparatus used 
and the Methods adopted for 
Measuring the Force required 
in Cutting. 

At every trial observations of the current 


supplied and of the brush-volts of the motor 
were made every two minutes during the 


resistances in armature and 
field, eddy currents in arma- 
ture-cores and pole-pieces, and hysteresis in 
the armature-cores ; secondly, mechanical 
frictions in the motor, the, countershafts, and 
the lathe, work lost by the bending and un- 
bending, and the slip and creep of the belts. 
A considerable number of experiments 
were made to verify the truth of this assump- 
tion. A Prony brake was mounted upon the 
forging in the way shown in Fig. 1, and 
could be clamped so as to offer as great a 
resistance to turning as the tool-point on its 
heaviest cut, the whole being cooled by 
water. The torque exerted by the brake 
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was observed by noting readings on the 
scale-beam of a weighing machine, on whose 
platform the thrust of the brake-lever was 
taken, at a known distance from the lathe- 
centre. 

Advantage was also taken of the horizontal 
belt between the two countershafts to install 
a belt dynamometer of the kind first used by 
Von Hefner Alteneck. Its nature is readily 
understood from Fig. 2. The horse-power 
transmitted is known from the value of the 
weight which must be placed in the scale- 
pan, 5, in order to maintain the dynamo- 
meter frame in its zero position (as indicated 
by pointer and scale, 2), and from the ob- 
served speed of the belt, 22. Thus the 
gross electrical horse-power of the motor, G, 
the horse-power transmitted through the 
dynamometer, 7, and the _ horse-power 
delivered upon the Prony brake, 4, were 
separately measured. 

Experiments were made with the Jathe 
running under all the six possible modes of 
driving it through its two back gears—from 
no load to that at which the belt slipped, the 
motor speed being kept constant throughout. 
Runs were also made at constant load under 
three different motor speeds with the double 
back gear only. 

The results of these trials were plotted 
with the transmitted (or dynamometer) 
horse-power, 7; the net horse-power (or 
that absorbed by the Prony brake, /V) ; and 
the lost horse-power between motor and 
brake, Z, as ordinates, upon a base of gross 
electrical horse-power, G, absorbed by the 
motor ; and from the diagrams so obtained 
the following formule connecting the lost 
horse-power, Z, the nett or brake horse- 
power at the lathe, WV, and the gross electrical 
horse-power, G, were deduced :— 

L=10+ 4M <e ese eos (1) 
N=09G-9 soo abe —< e 
This applies to a constant motor speed of 
250 revolutions per minute, and for all gears 

and cone steps. 

By plotting all the light run horse-powers, 
L., of the main trials as ordinates on a base 
of motor speeds, the expression :- 

Ly = 0°0375R + 0°6 ots as! SE 
was obtained, giving the connection between 
total lost horse-power and motor speed (7 in 
revolutions per minute),with the lathe running 
light. 

Thus a general expression for the lost 
power, taking account both of motor speed 
and load, is 

L = 0°0375R + 0°6 + 3... we oe 

or L =0°0375R+ 01G - 0%4 ae 

Expression (1) shows that the lost horse- 
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power increases somewhat with the load, 
and does not remain constant as required by 
the above-mentioned assumption. It was 
also found that the friction or lost horse- 
power was much affected by the condition of 
the lathe at the commencement of the ex- 
periment. If newly started up with lubri- 
cants cold and viscous, the lost power would 
be from 4 to 14h.p. more than when the 
lathe had become thoroughly warmed up, as 
after a lengthened run. On this ground a 
careful re-examination of all the log sheets 
and results was made ; and corrections were 
introduced in the horse-power readings, 
which are recorded in the Tables XIII. to 
XVIII., under col. 6, to allow for the con- 
dition of the lathe as to temperature. 

These corrections in the net horse-power 
from which the cutting forces are deduced 
are especially important at the light cuts ; 
and although it is believed that the cutting 
forces and stresses, as deduced, are not far 
from the truth, those given for the lighter 
cuts ought not to be regarded with the same 
degree of confidence which the figures for 
the heavy cuts may claim. 


Results of Experiments. 

The results obtained with the eight dif- 
ferent brands of steel experimented upon, as 
regards area machined and weight removed 
at the various speeds and cuts, are recorded 
in Tables IL, II., III., I[V., V.,and VI. ; one 
for each of the six materials operated upon. 

In each of these tables there are four 
groups of tests, one for each of the four 
different cuts, viz:—,; in. cut by 4, in. 
traverse ; 3,in. cut by j; in. traverse ; ; in. 
cut by } in. traverse ; and in. cut by 4 in. 
traverse. 

The ist col. gives the names of the 
tool-steel makers in alphabetical order ; the 
2nd the name of brand of steel; the 3rd 
col. gives the number of the trial. Cols. 
4, 5, and 6 give the speeds, cuts, and 
traverses at which the trials were intended 
to be carried out; whilst 7, 8, and 9 give 
the actual speeds, cuts, and traverses at 
which the tests took place, as found by 
measurement and observation. By the cut- 
ting speed is meant the speed in feet per 
minute of the cylindrical surface, obtained 
by taking the mean diameter of the work 
before and after machining. The depth of 
cut was, of course, half the difference between 
these two diameters, which were measured 
by micrometer calipers in from one to three 
places. The traverse was the distance along 
the job from the start to the finish of the 
cut, divided by the number of revolutions 
of the lathe-spindle made during the cut. 
Col. 10 gives the area of section of cut, 
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being the product of cut and traverse. 
Col. 11 gives the duration of the trial in 
minutes. Cols. 12 and 13 give the area 
machined during the trial and the area 
machined per minute in square feet ; whilst 
cols. 14 and 15 give the total weight of 
cuttings removed during the run and the 
weight removed per minute. These results 
were obtained by the collection and weigh- 
ing of the cuttings. Col. 16 gives the reason 
for the withdrawal of the tool. Col 17 gives 
the number representing the relative condi- 
tion of the cutting edge of the tool after 
the experiment, a lower number indicating 
superiority in this respect. 

Table VIA. gives the results of the trials 
made with ordinary water-hardened and 
ordinary Mushet steel tools upon soft steel, 
and upon soft and medium cast-iron. 

These trials show that 20 ft. per min. 
with a cut of ;jin. by jin. is the superior 
limit of speed for ordinary water-hardened 
steel operating upon Whitworth fluid-com- 
pressed soft steel; whilst an ordinary Mushet 
tool can run at over 30 ft. per min., with 
a #, in. by jin. cut upon the same material. 

i-xperiment No. 26, entered in this table, 
was a heavy cut gin. deep by #in. traverse, 
to test the driving power of the belts. The 
cutting stress deduced from this trial is 128 
tons per square inch, which figure further 
verifies the linear law of variation of cutting 
force with area of cut for steel. 

With regard to the trials on medium cast- 
iron, it appears that 25 ft. per min. is too 
high a speed with j,in. by jin. cuts ; 17 ft. is 
too high with 3 in. by j,in. cuts ; and 15 ft. 
is too high with 3; in. by } in. cuts for ordi- 
nary water-hardened tool steels. An ordinary 
Mushet ran for over 20 min. at 23°6 ft. per 
min. on a jin. by j,in. cut; whilst it failed 
at 19 ft. per min. ona # in. by jin. cut, and 
at 15 ft. per min. on a * in. by 4 in. cut on 
this material. 

In the case of soft cast-iron, 22 ft. per min. 
was too high a speed for water-hardened 
steel taking a 3-in. cut by }-in. traverse ; 
whilst an ordinary Mushet lasted over half- 
an-hour at 31°6 ft. per min. with the same cut 
upon the same material. 

The next tables, numbered VII. to XIL., 
give the particulars of the tool angles and 
position of tools when cutting. Col. 1 gives 
the steel maker's name, and col. 2 the 
number of the experiment. Col. 3 records 
the front cutting angle of the tool ; that is, 
the angle between a line in the top surface 
of the tool through its point, and a line tan- 
gent to the work at the tool point, both 
these lines lying in a plane perpendicular to 
the axis of the work or lathe. Col. 4 gives 
the top rake (:°). 
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The front clearance angle given in col. 5 
is the angle between the tangent just men- 
tioned and the front of the tool (C° in tool 
diagrams). 

The side cutting angle given in col. 6 is 
the angle between a line in the top surface 
of the tool, taken in a vertical plane parallel 
to the axis of the lathe, through that point of 
the cutting edge where it is intersected by 
the uncut surface of the work, and a vertical 
line through the same point 

The side clearance angle is the angle 
between the last-mentioned vertical line and 
the line of intersection of the vertical plane 
containing it with the (cutting) side of the 
tool (4° in tool diagrams). 

In cols. 7 and 8 are tabulated the values 
of what may be called the ‘rue cutting 
angles. ‘They are taken in the vertical plane 
containing the direction of motion of the 
shaving whilst in contact with the top of the 
tool, and are measured both before and after 
the tool has made the cut. The direction of 
motion of the shaving over the tool point 
can be very approximately inferred from the 
appearance of the tool, as in many cases 
the shaving rubs away a portion of the top 
surface of the tool, leaving the cutting edge 
intact, and indicating the direction of flow of 
shaving. The true cutting angle is thus ren- 
dered more acute than when the tool began 
the cut. In such cases it was observed that 
shaving was curled toa smaller radius as the 
test progressed. 

When the direction of motion of the shav- 
ing differed considerably from that of the 
tool axis, this so-called true cutting angle of 
the tool differs materially from the front 
cutting angle. In most cases, however, there 
is but little difference. 

Strictly, these angles ought to be taken 
relatively to a line tangent to the work at the 
tool point, as for the front-cutting angle, but 
for simplicity they were measured relatively 
to a vertical angle; and this amounts to 
neglecting the angle 8, which the height of 
tool point above centre subtends at the axis 
of the work. 

Col. 9 gives the height of the tool point 
above the centre line of the lathe, and col. 10 
the angle this height subtends at the centre 
of the work @, Fig. 2. 

Col. 11 records the cutting arc, or length 
of the tool point which was operating upon 
the work. This practically is the same 
width as the shaving. 

In Tables XIII. to XVIII. are recorded 
the results obtained with regard to gross, 
tare, and net horse-power required in the 
trials, and to the force acting upon the tool 
point when cutting; each table having 
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reference to one of the six materials operated 
upon. 

The cols. 1 and 2 give the tool-maker’s 
name and the number of the experiment. 
Col. 3 gives the gross electrical *horse-power 
absorbed by the motor when the tool was 
cutting. Col. 4 gives the frictional horse- 
power, or that observed when the lathe 
was running light at the same speed as 
when cutting. Col. 5 gives the difference 
between 3 and 4, and is the 
net horse- power required for 


Relation between allowable Cut- 
ting Speed and Area of Cut with 
Different Materials. 


Figs. 3 and 4 depict the variation of 
the speeds of cutting which obtained with 
the six kinds of material operated upon, as 
depending upon the area of the cut. Fig. 3 
is for the soft, medium, and hard steel ; and 
Fig. 4 for the same varieties of cast-iron. 
In each case the full-line curves give the 
maximum speed at which any tool ran the 
full time at the given cut ; whilst the dotted- 
lined curves indicate the average speeds at 
which the given area of cut was taken by all 
the tools tested, whether any of them failed 
to complete the trial or not 

The following simple approximate expres- 
sions indicate the relations depicted in the 
curves, between speed of cutting and area 
of cut :— 


Let v = cutting speed in feet per minute, 
and a = area of cut in square inches (product 
of cut and traverse). Then 

1°943 
¥ - -tee ra : +1 
For soft steel Per 4 
" ii ; 1°823 
For medium steel 7 nae’ $ 
For hard steel 2 77 5 
a +0027 ‘ 


For cast iron the results are not of so 









cutting, as determined from EY 4 
these electrical readings. as) ] 
Col. 6 gives the net horse- 40g 
power as in col. 5, but cor- mf 


rected by allowances being 
made for extra friction due ta__| | 
to the lathe having been 
run cold in some experiments, 
and not in others (v. Part 
V.). Col. 7 gives the average 
speed of cutting; and from 
cols. 7 and 6 col. 8 is,deduced, 
giving the calculated cutting 
force upon the point of the 
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Cutting speed. 


tool. Col. 9 gives the product 








of the cut and traverse, or the 





area of the cut in square inches. 
Col. 10 gives the motor speed, 








and col. 11 the nature of the 
gear in use during the run. 
Below cols. 8 and g are given 
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the average cutting stress in * 7 my 
tons per square inch for each 10 SEER ALE ES ee | SS See ABeow 
group of tests. They are ob- | | 
tained by dividing the average a 0-08 ho Oe 


cutting force in tons by the 
average area of section of cut 
in square inches. 


Area of cut. (Cut dy traverse.) 


FIG. 3.—VARIATION OF CUTTING SPEED, WITH AREA OF CUT—STEEL. 
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TABLE I.— 





1 


rOOL STEEL MAKERS 


(Arranged alphabetically). 


Armstrong, Whitworth & Co. ... 


Samuel Buckley... 

John Brown & Co. 

C. Cammell & Co. 

T. Firth & Sons as 
Samuel Osborn & Co. ... 
Seebohm & Dieckstahl ... 
Vickers Sons & Maxim 


Means 


Armstrong, Whitworth & Co. ... 


Samuel Buckley.. 

John Brown & Co. 

C. Cammell & Co. 

T. Frith & Sons ; 
Samuel Osborn & Co. ... 
Seebohm & Dieckstahl ... 
Vickers Sons & Maxim 


Means 


Armstrong, Whitworth & Co. ... 


Samuel Buckley 

John Brown & Co. 

C. Cammell & Co. 

T. Firth & Sons eee 
Samuel Osborn & Co. ... 
Seebohm & Dieckstahl ... 
Vickers Sons & Maxim 


Means 


Armstrong, Whitworth & Co. ... 


Samuel Buckley... 

John Brown & Co. 

C. Cammell & Co. 

T. Firth & Sons wots 
Samuel Osborn & Co. .. 
Seebohm & Dieckstahl ... 
Vickers Sons & Maxim 


Means 


2 


Name of Brand of Steel. 


A. W. high-speed Tool Steei 
Buhler ¥ Rapid self-hard 
Atlas self-hard Steel . 


Special self- hardening Steel .. 


N.F K. Speedicut .. 
Mushet high-speed Steel 


New capital high-speed Steel 


High-speed Steel 


A. W. high-speed Tool Steel 
Bohler * Rapid self-hard 
Atlas self-hard Steel . 


Special self- hardening Steel .. 


N.F.K. Speedicut 

Mushet high-speed Steel 
New capital high-speed Steel 
High-speed Steel 


A. W. high-speed Tool Steel 
Bohler # Rapid self-hard 
Atlas self-hard Steel . 


Special self-h ardening Steel . 


N.F.K. Speedicut 

Mushet high-speed Steel 
New capital high-speed Steel 
High-speed Steel 


A. W. high-speed Tool Steel 
Bohler *#* Rapid self-hard 
Atlas self-hard Steel ... 


Special self-hardening Steel . 


N.F.K. Speedicut 

Mushet high-speed Steel 
New capital high-speed Steel 
High-speed Steel 


3 


No. 


of | 
Trial. 


4 


5&6 


INTENDED 


Speed. 


| Ft. per min 


200°0 
100°0 
150°0 


| 1§0°0 


130°0 
110°0 
130°0 


| 130°0 


Cut and 


Traverse. | 


Inches. 


7 


ACTUAL 


Speed. 


Object of Trial :— 


Ft. per m 


1930 
106°0 
163°5 
149°2 
128°0 
114'0 
124°5 
132°5 


138°8 


Object of Trial :— 


+ I10°O 


| 


| 100°O 


100°O 
120°0 
80°0 
75°85 
100°0 
110°O 


| 


by 4} 


! 


I11‘O 
108°0 
98°6 
121°0 
93°5 
83°0 
100°9 
106°4 


102°8 


Object of Trial :— 


75-0 


60°0 
25°0 
50°0 
350 


50°60 r 


45°0 
40°0 


in 
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SOFT STEEL. 









220909000 





9990000 


| 0°321 


8 9 | 10 
ACTUAL | Area of 
| Section 
Cut. Traverse- | of Cut. 


11 12 
Dura- 
tion of 

Trial Total. 


To obtain Maximum Cutting Speed. 


Inches. | Inches. Sq. ins. 


0°054 0°0626 | 0°00338 
0°0585 | 0°0625 | 0°00365 
0°0605 | 0°063 | 0°00381 
0°052 0°0624 | 0°00325 
0°0585 | 0°0627 0°00367 
0°055 0°0625 | 0°00344 
0°0595 | 0°0625 | 000372 
0058 0°0625 | 0°00362 


| 0°00357 


To obtain Maximum Cutting Speed. 


Minutes; Sq. feet. 


7°5| 7°56 
20°0 | I1‘05 
6°0 5°14 
20°0 | 15°5 
20°0 | 13°4 
20°0 | II’9 


17°83) 11°55 
20.0 | 14°25 


170 0°0624 | 0°0106 (20°0 11°5 

170 0'0619 | O°01058 | 7°25 4°14 
1805 | 0°0625 | 0°01280 5°53 2°8 

177 0°0620 | 0°01096 | 6°16 3°84 
164 | 0°0621 | o’o1018 20°0 9°95 
1670 | 0°0622 | 0°01038 20°0 8°56 
1855 | 0.0571 | o°o1060 | 1°585| 0°769 
172 0°0607 | 0’01040 | 6°66 3°58 


| o’O1081 


Area Machined. 


13 14 


Per min. Total. 


Sq. feet. Lbs. 


1°00 15°75 
0°552 27°75 
0°856 11°75 
0°755 34°5 
0°67 27°75 
0°595 26°5 
0°648 28°0 


o°712 290 


0°575 82°75 
0°56 29°0 
0°520 19°0 
0°623 27°25 
0°497 | 64°5 
0428 58°0 


0°4859 | 6°25 


| 0°537 | 25°5 


To Machine Maximum Area of Surface per minute. 


172 | O°125 | O°0215 
1810 | O°125 | 0°0226 
1590 | O°125 | O’0I199 
159 | O°125 | O°'0I199 
1725 | O°125 | 0°02155 
1627 | O°125 | 0°02035 
1485 | o7124 | o'0185 


0°02061 


To Remove Maximum Weight 


O°125 | 0’0401 
| 0°3705 | O°125 | 0°0463 
0°3475 | O°122 | 0°0434 
0°370 0°124 | 0°04625 
0°294 0°124 | 0'0368 
0°3235 | O°125 | 0°0404 
0°3385 | O°124 | 0°0423 


0°04222 


20.0 | I5‘I 
20°0 $°036 
20°0 | 13°22 


20°0 | 127 
20°0 | 13°75 
20°0 | 14°75 
10°58} 5°66 


| 
20°0 11°7 
20°0 | 6’OI 
20°0 | 10°22 
20°0 | 7°71 
20°0 | 11°16 
20°0 | 10°25 
20°0 7°91 


0°756 


104°75 
0°4018 60°5 
0°661 88°25 
0°635 83°25 
0°687 93'0 
0°787 95°5 
0°535 35°25 


yer minute. 


0°585 | 147°0 
0°300 90°75 


o’S51I 150°O 
0°385 112°0 
0558 134°0 
0°5125 | 133°0 
0°395 110°5 


Weight removed. 
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Cause of 
Withdrawal. 


Tool failed 
Time up 
Tool failed 
Time up 
do. 
do. 
Tool failed 
Time up 


Time up 
Tool failed 
do. 
do. 
Time up 
do. 
Tool failed 
do. 


Time up 
do. 
do. 
do. 
do. 
do. 


Tool failed 


Time up 
do. 
do. 
do. 
do. 
do. 
do. 














7 
I 


AnunwnNn 


Ameen QS = iS) 


ne > 


NAS N 


NNNNNF WN 
Samana srs 


Feilden’s Magazine. 


TABLE II.— 





1 


TOOL STEEL MAKER 


(Arranged alphabetically). 


Armstrong, Whitworth & Co. .. 


Samuel Buckley.. 
John Brown & Co. 

C. Cammell & Co. 

T. Firth & Sons 
Samvel Osborn & Co. 
Seebohm & Dieckstahl 


Average 


(Armstrong, Whitworth & Co.... 


Samuel Buckley... 

John Brown & Co. 

C. Cammell & Co. 

T. Firth & Sons : 
Samuel Osborn & Co. ... 
Seebohm & Dieckstahl 


Average 


Armstrong, Whitworth & Co. .. 


Samuel Buckley 

John Brown & Co. 

C. Cammell & Co. 

T. Firth & sons ake 
Samuel Osborn & Co. 
Seebohm & Dieckstahl 


Average 


Armstrong, Whitworth & Co. ... 


Samuel Buckley 

John Brown & Co. 

C. Cammell & Co. 

T. Firth & Sons aa 
Samuel Osborn & Co. ... 
Seebohm & Dieckstahl . 


Average 


2 


Name of Brand of Steel. 


A. W. high-speed Tool Steel 
Bohler *#* Rapid self-hard 
Atlas self-hard Steel ... 


special self-hardening Steel .. 


N.F.K. Speedicut 
Mushet high-speed Steel 
New capital high-speed Steel 


A. W. high-speed Tool Steel 
Bohler # Rapid self-hard 
Atlas self-hard Steel .. 


Special self-hardening Steel... 


N.F.K. Speedicut 
Mushet high-speed Steel - 
New capital high-speed Steel 


A. W. high-speed Tool Steel 
Bohler ** Rapid self-hard 
Atlas self-hard Steel ... 


Special self-hardening Steel... 


N.F.K. Speedicut ‘ 
Mushet high-speed Steel 
New capital high-speed Steel 


A. W. high-speed Tool Steel 
Bohler * Rapid self-hard 
Atlas self-hard Steel ... A 
Special self-hardening Steel.. 
N.F.K. Speedicut . 
Mushet high-speed Steel 
New capital high-speed Steel 


3 


No. 


of 


4 5&6 7 


INTENDED ACTUAL 


Cut and 


Speed. | Traverse.| Speed. 


Object of Trial : — 
Ft. per min! Inches. | Ft. per min 
I110°O 
100°O 

go"o 
100°O 
100°O 
80°0 
80°o 


( )bject of Trial :— 


7o"o 
$2°0 
70°0 
80°0 
85°0 
68°00 
65'0 


~ 
° 
un AOnun 


or) 


{ Ibject of Trial :— 


50°0 
550 2 | 
=e it it 
70°0 \. by ‘ 
50°0 ‘| } } 
48'0 
50°0 


FOUN BU 


Ww 


Object of Trial :— 


40°0 | 
35°40 
40°0 
50°0 
38°0 
38°0 
40°0 








Rapid-Cutting Steel Tools. 


MEDIUM STEEL, 





8 9 10 11 12 13 14 15 16 


ACTUAL Area of Area Machined. Weight removed. 


Section 
of Cut. 


Dura- 
tion of 
Trial. 


Cause of 


Cut. Traverse. Total. Per min. Total. Per min. Withdrawal. 


To obtain Maximum Cutting Speed. 


Sq. ins. | Minutes. Sq. feet. Sq. feet. 


17°05 O"s 


Inches. 
0°0625 | 0°00225  30°0 
0°0625 | 0°00384. 30°0 16°45 | oO" 
0°0625 | 0°00397 30°0 15.9 O°! 
0°0625 | 0°00375 | 30°0 16°3 oO" 
0°0625 0°0039 30°0 16°43 | O'5 
0°00384 300 14°28 | O° 


0°0625 
0°0625 | 0°00375 = 30°0 14°60 | O° 


Inches. 
0°036 
O°Oors 
0°0035 
0°060 
0°0025 
2OO15 
0005 


Time up 
do. 
do. 
cle , 
do. 
do. 


do. 


Nhu N 
‘ WwW 


uw 


wmd6 


0°00 362 


To obtain Maximum Cutting Speed. 
Time up 
Tool failed 
Time up 
do. 
Te 01 failed 
Time up 


do. 


O’O119 30° “3510 
O°O122 10° 18 “418 
o°o1148 | 30° ts 4 
O'OI14 30° “t 417 
O°OI1162  26°7: 85 9°406 
O’OI120) 30° 95 *365 
O’OII5 30° 45 "348 


‘IQI 0°0625 
‘195 | 0°0625 
“185 0°0625 
"182 | 0°0625 
186 0°0625 
"1785 0°0625 
“184 0°0625 


NNWwWw NN 


O’OolI0! 


To Machine Maximum Area of Surface per minute. 


0°0214 30° Time up 


Recee 


° 
NNNNNNN 


Vin 


° 


O°125 
0°125 
O°125 
O°125 
O°125 
O°125 
0°125 


0°0225 
0°0215 


| O°O229 


0°0227 
0°0217: 
0°0227 


0°02222 


To Remove Maximum Weight 


0'0418 
0°04365 
0°04325 
0°0412 
0°0408 
0°0432 
0°0425 


0.042 34 


Mm NUN So 


21° 
13° 
9" 
23° 
30" 
30°0 


30.0 
j0°0 
21°666 
18°25 


oom tN 


— 


Ne ON 
BN N RUAN 
on 


OouN 


per minute. 


0°407 
0°390 
0°393 
0°393 
0°38 

0°392 
0°403 


Tool failed 
do. 
do. 
do. 

Time up 
do. 


Time up 
do. 
Tool failed 
do. 
do. 
Time up 


do. 
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15. The friction horse-power 
of lathe and countershaft was 
about 24 h.p. The weight 
removed was about 105 Ibs. 
and 445 lbs. per hour at the 
light and heavy cuts respec- 
tively, so that the weight 
removed per gross _horse- 
power hour was 19°! lbs. for 
the light and 25°3 lbs. for the 
heavy cut. Neglecting fric- 
tional loss, these figures 
would have been 35 and 29 
respectively. 

In the case of cast-iron, the 
gain in power at the heavier 
cuts is still more conspicuous. 
Here the effective horse- 
power was 1°7 and 5'5 at the 
is by y and g by & cuts 
respectively; the waste horse- 
power being about 2. The 
weights removed were 42 lbs. 
FIG. 4.--VARIATION OF CUTTING STEEL, WITH AREA OF CUT—CAST IRON. and 198 lbs. per hour (as seen 


i 


Cutting speed. 


. a an 


EEE SE ae a — 
0-005 oo oo 


om "2" 


Area of cut. (Cut dy traverse.) 


simple a character, but the following linear Table XIX. 
expressions give speeds which may probably 


r Sort Sree: (Wuirwortu Fiuip Compressep). 
be attained as a Maximum :— 





| 
Intended Cut Actual Area | Max. Speed Weight 
For medium cast iron 7 = 63 - 858a. and Traverse. of Cut. | of Non-fails. | Removed. 


For soft cast iron v= 115 - 13a. 


For hard cast iron v= > Inches. Sq. Inches, |Feet per min. Lbs. per min. 

Taking in all six cases those trials only Ps x ts 00325 | 149°2 1°72 
in which the tool ran for the whole time eX re ‘0106 | sIIT"O 4°137 
specified, and at the highest speed of any a's X See 74°0 | 5°28 
tool, the following Table (XIX.) has been ox% — 45 ' 3 
prepared of the maximum speeds attained Mevium Steet (Fiur Comrressep). 
for the various cuts employed, as already teXze | ‘00225 109 | 
depicted in Figs. 3 and 4. teX vs ‘O14 80 

In the last column has been given the tsX & 02275 51°4 
weight of cuttings removed per minute for $xd 0418 39 
each cut and for each material. This quan- Harp Steet (FiLum Compressev). 
tity has been plotted in Fig. 5 on a base of ts X gy 00381 56°2 
area of cut, and shows how very greatly the fe X re "0124 41°20 
weight removed increases as the cuts become eX $ ‘0219 30°8 
heavier. $x "0452 20°8 

It further appears that heavy cuts will be Sort Cast-Iron. 
much more economical in power; for the ts X "0039 109 
waste work is a much larger proportion of . ‘0124 99°5 
the whole work required at light cuts than at us ‘01575 ye 
heavy ones. It is probably this fact which "0459 55°5 
has given rise to the commonly accepted Mepium Cast-Iron. 
opinion that the cutting stress increases with ; 00331 | 59°7 
the speed (as instanced by the objections of | ‘OII§ | 4970 
workmen to increase cutting speeds on ac- io X ‘weay<) - ae? 
count of the anticipated springing of the => ‘0446 24°3 
work), contrary to the results of these trials, Harp Cast-Iron. 
which rather show the reverse to be the case. : ‘00359 38°6 
In soft steel, for example, the average horse- . *O1173 31°9 
power required for actual cutting at ;)in. "02025 25°0 


by ;4 in. was 3, whilst at gin. by $in. it was : “0459 Z 


wnre O 
oun 
Oo 

is) Oo 
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in Fig 5), and the weights 
per h.p.-hour were therefore : 
11°35 lbs. at the light cut, and 
265 lbs. at the heavy cut. 

‘These resultsare of general 
application, and show that 
not merely can more material 
be removed in a given time 
with a heavy cut at its proper 
speed than with a light cut 
at the highest speed which 
the new steels can take, but 
that this can be done at a 
smaller expenditure of gross 
power per ton of shavings 
removed. 

In Fig. 6 are seen curves 
co-ordinating the highest 
cutting speeds obtained with 
the leading factor in the 
chemical composition of the 
materials operated upon. 
For steel these speeds are Spine 
plotted on a base of carbon 
contents, with which they 
show a regular variation. 


Weight removed. 


Area of cut. (Cut by traverse.) 
RELATION BETWEEN WEIGHT KEMOVED PER MINUTE AND ARFA OF CUT. 


( To be concluded. ) 


Cutting speed, 














a 
6078 





cust 


* Carbon. 
1G. 6. VARIATION OF CUTTING SPEED WITH 
CHEMICAL. COMPOSITION. 
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Improvements in 


Primary Batteries. 


WE have received from Le Carbone (late 
Lacombe & Cie.), of 17, Water Lane, Great 
Tower Street, some samples of cells of the 
zinc-carbon type in which some improve- 
ments have been embodied, with a resulting 
increase in the efficiency and life of the 
cell. 

The latest addition to the series manufac- 
tured by Le Carbone is of the sack type, in 
which the usual porous pot containing the 
depolariser and carbon plate is replaced by 
a canvas sack, into which is packed a’special 


0 


THE “*CARBI” SACK. 


THE APPEARANCE OF THE 


depolariser. The advantage of this arrange- 
ment is that no crystals are formed. The 
excitant is an ordinary sal-ammoniac solu- 
tion. The cell is made in three sizes, as 
shown in the under-mentioned table, and the 
positive element consists of either a zinc rod, 
as in the ordinary Leclanché type; or a circu- 
lar zinc, as in the Bunsen cell, may be used, 
the internal resistance varying accordingly. 
This, as will be seen from the table, is given, 
in the case of size No. 3 as ‘35 ohm when 
the circular zinc is used, and ‘€o ohm in 
the zinc-rod type. Tests made on one of 
these cells in our office gave results which 
nearly coincide with these figures—viz., circu- 


POROUS POT. 


**CARBI” SACK AND ORDINARY POROUS POT AFTER THE COMPARATIVE TEST, THE 


CURVES OF WHICH APPEAR ON THE PAGE OPIOSITE. 


542 





New Machinery & Appliances. 


lar zinc type, *33 ohm; zinc-rod 
type, 61 ohm; and the e.mf. 
at 1°58. In testing the e.m.f, 
however, it may be stated that a 
Daniell cell, arranged according 
to Prof. Flemings’ method, was 
used as a standard, which may 
account for the apparent differ- 
ence of ‘o2 volt. 

The life of the sack cell is much 
longer than in the case of the 
ordinary porous pot type, as may 





Carbi Cell 
ee 





be seen from the accompanying 
curve supplied to us by the 
makers. 

This curve shows the results 
of a comparative test made with 
a No. 2 “Carbi” cell and a 
No. 2 porous-pot cell, both being 
closed through a resistance of 1oohms. A 
drop in voltage to ‘65 took place in the 
one instance in 295 hours, and in the latter 
in 64 hours. 


CURVES SHOWING THE DROP OF E.M.F. OF A 
AN ORDINARY POROUS POT CELL IN CONTINUOUS WORK 


“*CARBL” CELL AND 


ON A 


CIRCUIT OF Io OHMS, 


two interesting features, the chief of which 
consist in the simplicity of its construction 
and the frame on which the mechanism of 
the lamp is erected. The latter consists of a 





No. J. 





Size of negative element......... 
circular zinc 
zinc rod 200 » 
s» glass jar i fipeacouscas 5 100 x 
SR ere 1°6 
Iuternal resis‘ance (ohms) 
CUOIINE BNE inc cdsccicswssccas | 
Zinc rod Hiwatcadast 
Charge of sal ammoniac .. 


180 x 


O15 
0°30 
5 OZS. 


180 x 60 mm. 
80 mm. 
10 mm. 
100 mm. | 


No. 2. 


165 x 55 mm. 
160 x 75 mm. 
180 x 10 mm. 


140 x 
140 xX 
160 x 


5° mm. 
70 mm. 
10 mm. 


g0 xX 90 mm. 
1°6 


165 x 95 X 95 mm. | 155 x 
1°6 


o°25 0°35 


0°45 0°60 
34 ozs. 3 ozs. 





The Nos. 1, 2, and 3 sizes of the “ Carbi” 
sacks fit the three regular sizes of the 
Leclanché-type glass jars, so that their adop- 
tion in place of ordinary porous pots involves 
no alteration in boxes or fixtures made for 
the latter. 

The “Carbi” sack cell is being made in 
a hermetically sealed type for use with 
testing sets, medical appatatus, and in cases 
where a small current at high voltage is 
wanted. For electric igniters, alarms, etc., 
the cell is sealed in such a manner as to 
prevent any leakage of the electrolyte, this 
being introduced into the cell through an 
orifice in the cover. This orifice is after- 
wards closed by a screw tin stopper. 


—~—— 


The Meridian 
Electric Arc Lamp. 


_ A RECENT opportunity was afforded us of 
inspecting a new arc lamp, which has one or 


base and a top plate united by two vertical 
bars of T section, all of which are cast in one 
piece in either brass or malleable iron. The 
globe-cover is provided with two or more 
pillars, which are also all in one casting, and 
is secured to the base plate of the frame in a 
simple manner. Through one of the pillars 
a bolt, insulated from the globe-cover, is 
passed, which serves to carry the bottom 
carbon-holder. The upper carbon-holder is 
fixed in a slide moving in the guides formed 
by the T section pillars of the main frame. 

The regulating mechanism consists of the 
usual series and shunt solenoids, the coils of 
which are supported by arms projecting from 
the guide pillars, and cast with them ; while 
the solenoid cores are connected to the ends 
of the rocking-frame, mounted on pivots to 
the guide pillars. 

Pumping or jumping is entirely prevented, 
by the introduction of a specially-designed 
dashpot or cushioned cylinder fixed to the 
top plate of the frame centrally with the 





THE MERIDIAN ARC LAMP. 


series coil, a plunger working in the cylinder 
being connected to the series coil. An 
inspection of the photographs will show that 
the working parts are reduced to a minimum. 
The globe-fixing device is extremely simple, 
and being arranged above the highest position 
of the arc, no shadows are cast by means of it. 

The globe is removed by simply turning 
two thumbscrews which swing back, thus 
allowing the globe to be. lowered until 
supported by the globe chain, which leaves 
both hands entirely free for replacing car- 
bons, etc. The case, which is insulated 
from the lamp, is constructed of copper 
throughout, and is utilised to protect the 
lamp terminals from wear without the addi- 
tion of a weather hood. The lamp is con- 
structed for working currents of from 3 to 
8 amps., although the most satisfactory and 
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economical results have been obtained from 
the 4°5-amp. direct-current lamp, and a 
5‘5-amp. alternating-current lamp. The 
makers, The Crathorne & Green Mfg. Co., 
state that, taking as a basis of comparison 
8 and 16-candle-power incandescent lamps of 
good quality, the 4°5-amp. lamp gives light 
equal to 2,000 candles at an electrical ex- 
penditure of *45 B.T.U. per hour. 


The Patent nt 
“Ring” Pulley. 


THE pulley we illustrate below has the 
boss, arms, and inner ring cast in one piece. 
It is then split in halves, the irregularity of 
the fracture making a close and interlocking 
joint when the halves are bolted together. 
The boss is then bored, and the ring turned 
on its face to afford’a true surface, on to 
which the wrought-iron rim is riveted. It is 
found that the combination of the ring with 
the two arms and the close joint gives great 
strength combined with lightness, while the 
turned ring secures a true-running pulley. 

The makers—the “ Unbreakable” Pulley 
and Mill-gearing Co., Ld., West Gorton, 
Manchester—are building all their pulleys of 
10-in., 12-in., 14-in., 15-in., 16-in., and _ 18-in. 
diameter on this “ Ring” principle, using two 
rings for pulleys over 10 ins. wide. They 
claim lightness, strength, convenience, true 
running, and good appearance, as compared 
with either the cast-iron or wrought-iron 
pulley of ordinary make, or with wood pul- 
leys. In comparison with the latter, a great 
advantage in the “ring” construction is the 
absence of the air-fanning caused by the 
wide arms of the wood pulley. 


SMALL “RING” PULLEY. 
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MATERIALS and 
MEASUREMENTS. 


For the purpose of gaining information as to 
the efficiency of hoisting tackle, an extended series 
of tests was made recently 
at the Pencoyd plant of the 
American Bridge Co., with 
standard types of blocks, and 
various combinations of manila and wire rope. 
The tests were arranged so as to reproduce as 
nearly as possible actual conditions under which 
hoisting tackles are used in the field. An eye-bar 
testing machine of 300 tons capacity and a verti- 
cally- moving hydraulic crane were used in 
making the tests. The load on the machine 


Tests of the 
Efficiency of 
Hoisting Tackle. 


Tasce I. -Erriciency or Tackir with Two Snatcu 
BLocks. 





Efficiency Percentages. 
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and the pull exerted by the crane, were taken 
from their respective mercury pressure-gauges. 
The results are shown in Table I. The 


W 
tested efficiency for straight lifts is n p> Where 


W = load on machine, 2 = number of parts of 
line carrying load, and /’ = pull of the crane. 
For the becket pulls, in which the machine is 
pulling against the crane, an analogous value for 


efficiency is a ; where W’ = pull of the ma- 


chine, 7’ = the number of parts of line, and P’ = 
‘the resistance of the crane. Under field con- 
ditions a lead line is frequently snatched a number 
of times before reaching the engine. It was 
desired, therefore, to obtain results of the tests, 
free from the influence of the two snatch-blocks 
used, and involving only the parts of the line 
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holding the load, of which the first should be 
considered the lead-line. For this purpose the 
efficiencies of the combinations tested were worked 
out by Weisbach’s formula : 

ae I 
* “se 


in which d = diameter of rope; 7 = distance 


_—_$______—— 
a, +20 P sin. ym 
r r 


Taste II.—Cavacity AND Erriciency or TACKLE 
wiTHouT SNATCH BLocks. 





Parts Lift per 
of unit pull in 
line. lead line. 


| Efficiency 

| Percentage. 
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from centre of pulley to centre of rope; P = 
radius of sheave pin; 2Z = arc of contact of 
rope on sheave ; ¢ = coefficient of journal friction 
= 0°08 ; C = empirical constant. The efficiency 
of the movable pulley, for forward motion, 8r 


aos 6 oe “ 
lifting is 2k For reverse motion, or becket 


F 2 
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I iti a 
pull, it is [> 


Kr Different values o:1 C were 


derived from the tests for the different sizes of 
rope, and the efficiencies of the several combina- 
tions were computed. The results are shown in 
Table II.--S, P. Mitchell, M. Am.Soc. 
C.E., Proc. Am. Soc. C. E. Vol. XXTX., No. 6, 
pp. 584-588. 

A NEW electrically operated oil-testing apparatus 
has recently been brought out by the Elektricitats- 
Actien - Gesellschaft, of 
Frankfort-on-the-Main, which 
is of more than passing in- 
terest. It is possible with 
this oil-tester to accurately 
determine the frictional co-efficient of different 
grades of oils at varying temperatures. It con- 
sists of a short length of shaft running in a bear- 
ing of the ring-lubricated type, and carries a heavy 
flywheel at each end which produces the ordinary 
pressure on the bearing. A pin-coupling is pro- 
vided on this shaft in order that the motive power 
can be uncoupled at any moment while running. 
The apparatus is designed to be driven either by 
an electric motor, or by mechanical means, or by 
hand. For laboratory purposes, the machine is 
arranged with flywheels for different bearing 
preffures and an exact device for measuring the 
speed. When electrically driven, the apparatus 
is equipped with a motor having an output of 
about }th h-p., which operates at a speed of 1,800 
revolutions per minute. The motor is set upon a 
common base-plate with the oil-testing machine, 
and drives the latter by means of a pin-coupling. 
The machine is of similar construction, having a 
suitable coupling for disengaging the motive- 
power at the proper time. When testing a sample 
of oil, about 4 pint of the lubricant is placed in 
the bearing and the motor is started, the flywheel 
shaft being run at full speed for a short time, 
when the motor is disconnected by means of the 
coupling, allowing the tester to continue running 
until it comes to rest. Itis only necessary to note 
the time required for the apparatus to come to 
rest in order to compare the lubricating qualities 
of the various samples. When another sample of 
oil is to be tested, benzine is d_ through the 
bearing, and a blast of air is allowed to pass 
through as well, to dry it out. This electrical 
testing apparatus is fitted with electrical resistance 
coils tor warming the bearing to any desired tem- 
perature. With the mechanically-driven oil- 
testing machine tubes are provided in the oil 
reservoir, through which hot water may be passed, 
and these tubes can also be used for cooling by 
passing cold water through them at any desired tem- 
perature.—Frank C. Perkins, Machinery, 
Vol. X., No. 2, p. 80. 


ENGINEERING PHYSICS. 
In this paper the author begins publication of 
the substance of a series of lectures delivered on 
this subject at University College, 
Radio. London. The subject itself dates from 
é 'y. : r 
the discovery of X-rays in 1895, and 
as the Becquerel rays, which came next, have 
somewhat similar experimental properties, the 


A new German 
Electrical 
Oil-Testing 
Apparatus. 
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author begins by considering the X-rays, tracing 
the historic connection between them and their 
successors, and showing that cathode rays, which 
consist of discrete particles of excessively small 
size travelling with enormous velocity and carry- 
ing a negative charge, are the cause, and the 
anti-cathode is the source, of the X-rays, which 
are the ether pulses resulting from the sudden 
stoppage of the cathode rays. After relating the 
history of the discovery of uranium radiation by 
Prof. Becquerel, the author goes om to describe 
the work of the Curies, which resulted in the 
discovery of radium and polonium and the exami- 
nation of their properties Apart from the dis- 
covery of these elements itself, the most remark- 
able feature of the work of Mme. Curie was her 
conclusion—arrived at before the new elements 
had been found—that radio-activity is an atomic 
property. The author points out that, if we 
except inertia, there is only one other atomic 
property, viz., weight, which is the only property 
that can be universally used as the basis of chemical 
analysis. Radio-activity, however, is fitted in 
every way to be a property upon which a method 
of quantitative and qualitative chemical analysis 
could be based.—F, Soddy, Zéectrician, Vol. 
LII., No. 1, pp. 7-10.—W. C. H. 


THE second instalment of Mr. Soddy’s lectures 
on this subject. Radium has so far only been 
found in minerals containing uranium, 
but many of these have too low an 
activity to repay extraction, and prac- 
tically the whole of the supply comes from the 
Johanngeorgenstadt and Joachimsthal ores. From 
two tons of the latter ore Mme. Curie obtained a 
few hundredths of a gramme of pure radium chloride 
and a few tenths of a gramme of much less active 
material. Giesel obtains about 0°25 gramme from 
one ton of residues. The author describes the 
method of treatment of the residues from the Joa- 
chimsthal ores, worked out by Debierne kadium 
shows its relationship to the other alkaline earths 
by the beautiful red flame coloration given by its 
salts. Its atomic weight has been determined, a 
mean of three determinations of the purest sample 
giving the value 225. This makes it the third 
heaviest element known, the two above it being 
thorium 232, and uranium 238. These three 
elements are chemically dissimilar, radium being 
divalent like barium, thorium tetrevalent like 
tin, and uranium hexavalent like tungsten; but 
the author says ‘‘it is surely not merelya coincidence 
that the three elements distinguished by their radio- 
activity should possess the three heaviest atomic 
weights.” The most remarkable property of radium 
is its ceaseless emission of rays, some having great 
penetrative power. Rutherford has shown that 
the greater part of the radiation consists of the 
projection of atoms of matter with a speed of 
about 20,000 miles per second, a velocity which 
matter has never before been known to attain. 
In addition there is an emanation given off, whose 
absolute amount is so small that it has not yet 
been directly perceived, but which possesses 
enormous energy whose effects are readily ob- 
served. Radium gives off heat to the extent of 
100 gramme-calories per gramme perhour. Apart 


Radio- 
Activity. 
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from these and other unique properties, there is 
no essential difference between the radio-activity 
of radium and that of uranium, and radium itself 
behaves chemically as a normal element and fills 
up a vacant place in the periodic Jaw as the 
heaviest member of the alkaline-earth group. 
Polonium and actinium are two other new radio- 
active bodies derived from pitchblende; so far 
they have only been detected by their radio- 
activity, as no sufficient quantity has been ob- 
tained to give a spectrum reaction or other 
evidence of their presence. Polonium resembles 
bismuth, and has not yet been obtained free from 
that metal. Its radiation comprises only the a 
or non-penetrating rays, the penetrating A-rays 
being entirely absent. In this respect it differs 
from the other radio-active bodies. Again, its 
radio-activity is not permanent but decays slowly 
with lapse of time, falling to half its original value 
in about nine months. Actinium, like radium, 
gives penetrating rays deviable in a magnetic 
field, and also gives a characteristic emanation 
capable of producing temporary activity upon 
objects in the neighbourhood, but distinguished 
from that of radium and thorium by a more rapid 
rate of decay than either of the others. Giesel 
has also described a substance which he calls the 
**Emanation Substance from litchblende,” and 
which appears to be identical with actinium, 
discovered by Debierne. There are thus five 
permanently radio-active substances known— 
uranium, thorium, radium, polonium, actinium. 
lhe peculiar radio-active properties of these 
bodies is best seen in the following table :— 





} Radio- | Imparts 
a- | Bp- Y- active activity to 
| rays. | rays. | rays. Emana- | surround- 
} | tion. jingobjects. 
—_, — ad be 
Uranium | 
Thorium ... 


Substance. 


s | Yes | Yes Yes Yes 
es | Yes | Yes Yes Yes 
es | No | No No | No 
? | Yes} ? 


Radium 
Polonium . 
Actinium 


Zes | Yes | Yes No No 
ve 


\ 
\ 
y 
Y 


Yes | Yes 








The radio-activity of uranium and thorium may 
not be a specific property of these elements, but 
may be due in each case to specific new elements 
not yet recognised but contained in all uranium 
and thorium preparations to an invariable extent. 
—F. Soddy, lectrician, Vol. Lil., No. 2, 
Pp. 43-45. —-W.C. 1. 


THE author of this paper finds in the recent 
controversy on this subject corroboration of his 
own long-entertained conviction that 

Entropy. the ideas and processes of thermo- 
dynamics stand in need of greater pre- 

cision than that which generally characterises the 
definitions and explanations in the text-books, and 
he thinks that Mr. Swinburne has done good ser- 
vice by raising the discussion. In this paper the 
author dwells upon some of the points which 
usually lack clearness, such as the loose use of the 
terms reversible and irreversible as applied to 
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cyclic processes, and the confusion between the 
working substance and the bodies constituting 
the sources or sinks of heat. After pointing out 
that change of entropy has been too exclusively 
identified with the working substance, he considers 
the case of an actual, and therefore irreversible, 
cycle, and shows that the effect of irreversibility is 
to increase the entropy of the whole system of 
bodies considered. At the close of the paper the 
subject is briefly considered from the point of view 
of waste of available energy—that is, the utmost 
amount of work that can be obtained from a 
system of reservoirs of heat, the temperature of 
the coldest being @,.—A. Gray, Proc. Roy. 
Phil. Soc. Glasgow, Vol. XXXIV., p. 116.— 
W. C. H. 


Tue author suggests the introduction of a new 
unit to represent ‘‘one cubic foot of water per 
minute under a head of one 
foot.” This unit would be 
equal to 62°3808 ft. lbs., or 
000189 h.p., or 1°40994 
watts. An analogy can be drawn between this 
unit and the watt, as the head in one is similar to 
volts in the other, and the cubic feet of water 
per minute takes the place of amperes in 
the other. Denoting this unit (or its equi- 
valent value, o'00189 h.p) by A, then the 
horse-power of water is given by the formula 
Cub. feet of water per min. x head in feet 

R 
_ 52,900°8 
# 


A Suggested 
Hydraulic Unit. 


H.P. = 


and A’ for efficiency x The author 
works out an example in which he uses this unit, 
and adds a table giving values of A in the first 
equation above for efficiencies ranging from 50 to 
94 percent. These values are based on water of 
spec. grav. I, in which condition 1 cub. ft. of 
water weighs 62°3808 Ibs.—R. L. Montagu, 
Elec. Review (N.Y.), Vol. 437, No. 14, p. 465.— 
W.C.H. 


CONSTRUCTION. 


THE Frans bridge connects the city of Ville- 
franche with the left bank of the River Saone, and 
consists of two shore spans of 
45°86 m. ( 150°4 ft.), carried on 
two masonry piers and shore 
abutments. In erecting the 
two shore spans of the bridge, the contractors 
feared to use falseworks on account of the danger 
from floods. They therefore decided to erect 
each shore span practically complete on its re- 
spective bank of the river, and then to push it 
endwise out over the channel until its forward end 
rested on the river pier. The shore span com- 
plete, except for some of its secondary members 
and a part of its floor system, was erected on 
shore with each of its main girders resting on two 
sets of rollers. One set of rollers for each truss 
was located on the abutment, and the other set 
was placed 15 m. (49°2 ft.) inshore. Each set of 
rollers consisted of two pairs of rollers staggered 
in plan. Each pair of tandem rollers was held 
in a rigid [-beam frame, and this frame was 


Novel Method 
of Bridge 
Erection. 
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supported on the plunger of a hydraulic jack. A 
hand-pump was connected with both pairs of 
rollers, and provided for raising and lowering them 
by pumping water into the cylinders of the jacks 
Fig. 1 shows the span mounted on rollers ready 
for launching. To launch the span a winch was 
placed on it and chains led to an anchor on the 
abutment. The spans were shoved forward a 
distance of 17 m. (55 76 ft.), for one and 19 m. 
(62°32 ft.) for the other, without any support for 
the outer ends. At these points a barge carrying 


a staging was floated under the overhanging end, 


and the load taken by means of a hydraulic jack 
until the barge had settled so that its displace- 
ment balanced the weight, which was then taken 
by screw-jacks. The span was then forced for- 
ward by the winders until the increased overhang 
made a second adjustment of the screw-jacks 
necessary. This was accomplished by means of 
the hydraulic jack, and the movement of the 
span was continued until its end rested on the 
pier, see Fig. 2. The centre span was erected 
by building outward from each pier in the usual 
manner. — A. T., Génie Civil, Vol. XLI/., 
No. 1116, pp. 417-420. 


CONCRETE mixing-machines are of two genera! 
types—batch mixers and continuous mixers. In 
the first type may be included 
the following: (1) A revolving 
drum fitted inside with de- 
flectors. (2) A revolving drum 
formed by two cones with 
inside deflectors. (3) A. revolving circular pan. 
(4) A revolving cylinder which mixes the concrete 
by revolving about its axis. This has been 
adapted to form a two-wheeled wagon, the 
cylinder being revolved by gearing from the axle, 
so that the batch of concrete may be mixed dur- 
ing transportation. (5) A trough of semi-cylin- 
drical cross-section, with a longitudinal shaft 
carrying blades. These blades are set at an angle 
so as not only to mix the material but also to feed 
the mixture towards the discharge end. (6) A 
cubical box revolving about a horizontal axis, but 
having the corners through which this axis passes 
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cut away to form openings for re- 
ceiving and dumping the batch. 
Under the second class may be 
included the following: (8) An 
inclined chute fitted with pins. 
The materials are thrown in at the 
upper end, and slide down by 
gravity, being mixed by the deflec- 
tions caused by the pins. (9) A 
series of funnels placed one above the other, 
and naving in the mouth of each funnel an in- 
verted cone forming a baffle. The upper funnel 
forms the hopper. (10) A long inclined box, 
square in section, revolving on its axis. The 
materials are thrown in at the upper end, and the 
concrete is discharged at the lower end. (11) This 
is somewhat similar to No. 10, but the box is 
cylindrical and is fitted with deflectors. (12) An 
open trough or closed cylinder fitted with a shaft 
on which are blades, to mix the concrete and feed 
it along to the discharge end. In the following 
table a comparison of efficiency is given : — 


Comparison of Erriciency of CONCRETE MIXERs. 
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Values for perfection in the several functions :— 

A—As producing results of a batch 

mixer ... ats 5 ¥ in @& 
B—For control of water... , 
C—For dry mixing ... be as, 
D—For receiving aggregate: eis, 
E—For discharging concrete ae, 
F—For time in mixing... sis OO 
G—For self-cleaning a ea 


Total value as a mixer ... 100 


C. Coleman, M. Am. Soc.C.E., xg. 
News, Vol. L., No. 9, pp. 186-189. 


IN some cases simple test pits will prove suffi- 
cient ; in others it is advisable to make borings. 
Rod soundings are uncertain for 
Foundations, any great depth, especially in clay, 
and in important cases it is well 

to supplement the borings with test piles. Very 
frequently the engineer may be uncertain as to 
the necessity for piling a foundation, and in such 
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cases it is well to remember that the cost 
of piles will add a very small percentage 
to the total cost of the structure, usually 
very much less than 5 per cent. It would 
be wrong to jeopardise the 95 per cent. 
for the sake of the 5 per cent. If the 
material round the heads of the piles is 
fairly hard it is safe to use concrete, but 
if it is quite soft and likely to remain wet, 
timber grillage should be used. At times 
the best form of grillage is a solid timber 
platform, which will cover and bear on 
ae Ee for its full area. Where piling 
is used to support masonry abutments or 
retaining walls through soft strata, it is 
important to look after the lateral as well 
as the vertical force. If the piles move 
forward horizontally the masonry will be 
injured. To counteract such movement 
provision should be made for riprap 
against the face of the piling and walls. 
When piles are not required it is good 
practice to spread the footings to cover 
the greatest area of natural earth practic- 
able. Portland cement concrete is a 
very suitable material for bridge piers, 
abutments and retaining walls. The use ot 
expanded metal for bonding purposes is frequently 
desirable. The placing of anchor bolts in engine 
foundations is necessary ; their adjustment side- 
ways to fit holes in the bed frames can be done 
in a simple and inexpensive way by placing 
vertical tubes of corrugated galvanised iron in the 
concrete and by providing cast-iron boxes to bolt 
the nuts at the bottom of the anchor rods they can 
be removed at any time. It is very difficult to 
divide the various kinds of earth and rock into 
classes that engineers will interpret as the same. 
As to the safe supporting loads of different classes 
of earth, the following is useful for general 


guidance :—‘‘ Make the base area as large as you 


can, within reason, when there is nothing to inter- 
fere, and when you cannot get an area as large as 
you would like, use all you can get ; this rule not 
to be followed in extreme cases.”” Even with this, 
experience must teach what are and what are not 
extreme cases—extreme in the sense of very soft 
strata, which are not fit to place anything upon, 
or extreme in the sense of ridiculously small area, 
though of fair supporting power. —G. B. 
Francis, /”/. Assoc. Eng. Soc., Vol. XXX., 
No. 6, pp. 336-342. 


Tue yard at the East Cambridge power station 


of the Boston Elevated Railway Co., has a 

frontage of about 471 ft. on 
The failure of a river and an area of 217,807 
og ty ed sq. ft. The yard is used for the 
construction. ‘Storage of various kinds of 

material. During the autumn 
of 1901, about 12,000 tons of coal were piled 
upon the wharf in front of the boiler-house, while 
at the same time a pile of paving blocks extended 
for 50 ft. along the westerly face of the sea-wall. 
Under this load the sea-wall and wharf began to 
yield, and was pushed outward into the river 
about 12 ft. and downward about 6 ft., but the 


Section of Wall and 


FAILURE OF A SEA-WALL 


pier extending along the face of the wall prevented 
its total collapse. The excessive loading com- 
pressed the soft mud directly under the filling. 
This displaced the mud in front of it, which 
pushed out into the water, carrying piles, wharf 
and wall along with it. The piles under the 
wharf were not long enough to penetrate into the 
clay and so to offer the resistance necessary, 
while the short piles in the wharf offered only 
their individual resistances. In reconstructing 
the wall and wharf all the filling was excavated 
for a distance of about 16 ft., the old spruce 
wharf piles were cut off, and all the oak piles in 
front of the wall were pulled out. The piles 
under the old wall were left in, as the difficulty 
of pulling them was great. The new wall built 
was 10 ft. wide at the bottom, 3 ft. wide on top, 
and 12 ft. 6 ins. high, with a batter of 14 ins, to 
the foot, ballasted on the back with quarry chips 
and the smaller stones from the old wall. For 
the foundation of this wall six rows of spruce piles, 
about 12 ins. at the butt, averaging 28 ft. long, 
were driven, the two rows next the face of the 
wall having a batter of 1 in. and 2 ins. to the 
foot, respectively, while a spruce pile, as nearly as 
possible to a batter of 6 ins..to the foot, was 
placed about under the centre of gravity of the 
wall and between the other rows of piles. The 
tops of these piles were capped with 6-in. by 
12-in. hard pine, drift-bolted to piles with 1 in. 
bolts, and on these caps a flooring of 3 ins. by 
6 ins. spruce planking was spiked. Outside the 
new wall three rows of oak piles were driven, 
those of the two outside rows being 40 ft. long, 
while those in the row next the wall were 34 fe 
long, this last having the same batter as the wall. 
Tying each two rows of piles together, from the 
outside row of oak piles in front of the wall to the 
last pile driven back of the wall, were two girder 
caps, 6 ins: by 12 ins. by 34 ft. On these were 
drift-bolted 4-in. by 12-in. floor beams, on 
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which the 3-in. by 6-in. floor plank was spiked. 
The face of the wharf was built with a 12-in. by 
12-ip. stringer and rider cap, and had a fender cap 
8 ins. by 10 ins. bolted between the fender piles. 
The oak piles were tied together by cross braces 
of 4 ins. by 12 ins., and two 4-in. by 12-in. 
low-water girders, all the timber used in wharf 
construction being hard pine. The Fig. shows 
a cross-section of the new construction.—-C,. T, 
Fernald, /n/. Assoc. Eng. Soc., Vol. XXX., 
No. 6, pp. 343-350. 


FROM tests made on 21 specimens supplied from 
the Weunsiedel (Bavaria) Granit-Gesellschaft, it 
is inferred that the relation 
Experiments on between the breadth 4 of the 
a Seaawe contact surface and the load / 
Bridge Joints. isC=4 f2 ( rir 
, A/ ol r-—| 
T mtd 
The invariability of the maximum pressure strain 
of the material would, for equal values of the 
coefficient of elasticity and the ratio of the longi- 
tudinal tension to the lateral contraction, result 
in the load / increasing proportionally with the 
radius of curvature. A fissure was observed 
for y=250 mm. at 
p= 100,000 + 92,500 + 94,800 


3 

As, however, cracks are noted for 7= 3,700 mm. 
at P=154.300 kg., being about 4th of the value 
to be anticipated in the case of proportionality 
with 7, the author thinks the law stated by Hertz 
for the connection between P and 7 not to be in 
accord with the facts. This disagreement is 
accounted for by the fact that the destruction of 
the granite squares is produced not by the stress 
but by strain.—C. Bach, Zettsch. Ver. Deutsch. 
Ing., Vol. XLVII., No. go, Oct. 3, 1903, 
pp. 1436-1449.—A. G. 


r 





= © 95,800 kg. 


THE results of examination lead the writer to 
the conclusions: (@) seamed conduit, or socket- 
jointed conduit, should never be 
buried in plaster. At least, 
never in walls subject to action 
of weather, especially if these 
are of solid brick or stone. (4) Watertightness 
should be aimed at, at any rate, when conduit is 
laid on ‘‘sweaty” walls, under plaster or stone 
floors, and in draughty situations. (c) Conduits 
with insulated lining will probably be slightly 
less subject to rapid variations of temperature, 
and consequently condense less. For extremely 
damp situations and high voltages, conduit does 
not appear to the writer to be particularly applic- 
able. Lead-covered watertight systems appear to 
have a great pull over conduit, although even lead 
is subject to corrosion by water. Wiring in damp 
alaces has hardly yet received the attention its 
importance warrants, and it ought to interest fire 
insurance people, especially in view of the higher 
voltages now becoming common. In this case we 
find the somewhat paradoxical result that water 
may cause fires indirectly, one case of this sort 
being a wire on which water dripped becoming 
gradually corroded and finally heating up. At 
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present, no special means appear to be taken 
beyond putting in T-pieces at switch-blocks, and 
giving the conduit a dip, to allow the moisture to 
drain away anywhere. As far as the writer is 
aware, no special drain-taps, etc., are at present 
on the market.—_W. H. F. Murdoch, £/e- 
trician, Vol. LI., No. 12, p. 501. 


In Fort Caswell, North Carolina, it has been 
found almost impossible to prevent unequal settle- 
ment and consequent cracking 
of theconcrete. Various schemes 
have been tried to stop the 
leaking produced by the cracks, 
and finally a device was adopted which has re- 
sulted in a complete solution of the difficulty. It 
was noticed that water falling on the concrete 
surfaces near the guns, which had been coated 
with the oil used on the guns, was not absorbed. 
This led to a coating of the entire concrete mass 
with boiled linseed oil. Where large cracks occur, 
they are filled with cement grout, and the linseed 
oil is poured in as long as it is absorbed. There 
is formed in the crack a gum from the oil, which 
ultimately fills it to the top, after which the entire 
surface is coated with successive applications of 
the oil until it ceases to be absorbed. Previous to 
the trial of this method the two 12-in. emplace- 
ments were notably leaky, and for the purpose of 
experiment the worse of the two was selected and 
treated as above outlined, with the result that it 
was made perfectly water-tight. Since then all 
of the emplacements of the post have been treated 
similarly, and may now be considered water-tight. 
It is probable that it will be necessary to give a 
coating of oil, at least near cracks, when the con- 
crete expands and contracts in the spring and 
autumn; but this will be comparatively inexpensive 
and take very little time. A gratifying result of 
this oil treatment is the prevention of the glare 
from the concrete surfaces, which heretofore has 
been particularly objectionable. The resulting 
colour is a brown, which is restful to the eyes and 
blends with the colour of the surrounding sand- 
hills, making the emplacements very difficult 
of detection from a distance.—Refort, Chief oJ 
Engineers U.S. Army, 1902; Eng. Rec., Vol. 
XLVII., No. 17, Pp. 443- 


Oil Treatment 
for Leaks 
in Concrete. 


METALLURGY. 

IN a paper presented to the British Association 
the author urges the necessity for a ‘‘ brittleness 
test” of steel, stating that the 
adoption of such a test, in addi- 
tion to the usual tensile one, 
would in all probability lead to 
the avoidance of many cases of peculiar fracture. 
In actual working life many fractures of steel parts 
have occurred which are inexplicable by known 
chemical or standard physical tests, and the 
author’s experiments show that an apparently 
ductile steel, as evidenced by the usual tensile 
tests, may, in fact, be exceedingly brittle. Atten- 
tion has been drawn to this question of brittleness 
by M. Fremont, and Professor Arnold has also 
recently shown that “‘ vibratory brittleness” in a 
steel cannot be detected by a tensile or bending 


Testing the 
Brittleness 
of Steel. 














Engineering Abstracts. 





TESTING BRITTLENESS OF STEEL. 


test. In conducting his experiments, the author, 
after considering the various impact testing systems, 
decided to adopt the pendulum type of machine, 
in which fracture of the test-piece is caused by one 
blow. This machine is shown in the accompany- 
ing figure, and as will be seen is composed of two 
stiff A frames bolted together, from the apex of 
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which is suspended pendulum-wise a rod carrying 
the tup. If this rod is canted from the vertical 
acertain number of degrees and allowed to fall 
freely the weight describes an arc, and at the 
bottom of its swing has a certain amount of energy 
represented by the weight of the moving mass 
multiplied by the vertical equivalent of height of 
fall; further, if allowed to continue its path and 
expend its energy it will rise to a nearly corre- 
sponding height on the other side of the vertical 
position, the slight loss in height of rise being 
due to the friction of the moving parts. A test- 
piece fixed so that one free end intercepts the 
moving mass at the bottom of its swing will be 
fractured by the weight. The test-piece will 
absorb a certain amount of energy possessed by 
the tup, and the final height of the swing of the 
pendulum will be lessened, an amount which, 
transferred to equivalent foot pounds, gives the 
resultant energy absorbed by the test-piece. At 
the base of the A frame a small vice grips the test- 
piece, and is so arranged that lateral adjustment 
can be made to ensure impact taking place at the 
lowest point of the tup in its swing. It may be 
noted that the rod carrying the tup permits- of 
adjustment up and down by means of a horizontal 
roller carried on two centres, an arrangement 
which also permits of the friction being checked 
on the scale. The latter may be corrected to 
remain constant by slightly adjusting one of the 
centre screws. The recording pointer is a light- 
balanced steel arm, which swings on one of the 
centre screws and is moved round the scale by a 
bent steel finger projecting from the pendulum 
rod and is left by it when the motion is reversed, 
thus recording the maximum height to which the 
tup has risen after breaking the piece. The scale 
over which the pointer moves is calibrated to 
read directly in foot-pounds of energy absorbed, 
a device leading to quick and accurate work. It 
has been found advisable to adopt one standard 
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size for all tests, as being most likely to give an 
accurate comparison of the brittleness qualities. 
The pieces used are 2 ins. in length, § ins. wide, 
and ’, ins. thick. The nick is V-shaped 0°05 ins. 
deep, and the radius at the bottom is about o’or ins. 
With a tup giving 23 foot-pounds of energy at 
impact, a specimen of these dimensions will be 
found to fracture at one blow even though of 
abnormally stiff steel. In the accompanying table 
some of the results yielded by this test are given, 
and are interesting, as showing how little bearing 
the tensile test has on the brittleness question. 
For instance, numbers 5045 and 4989 are both 
from similar forgings, they were tested in tension 
to specification, and, as shown, there is very little 
indication of any difference in quality. Under 
the brittleness test, however, 4989 fractured like a 
piece of cast-iron and absorbed only }th of the 
energy taken by 5045. A comparison of the 
brittleness tests with the corresponding tensile 
ones sheds much light on the brittleness ques- 
tion and goes to prove that many cases of failure 
may be traced to this cause.—E. G. Izod, 
Engineering, Vol. LXXVTI., No. 1969, pp. 431- 
432.—FP. ZL. 


IN an interesting communication to the Lake 
Superior Mining Institute the author gives a de- 
scription of the extent, quality 


Iron Ore o and development of the ore 
Aretle Lapland. deputies af Wentids Sactend. 
The ore won from the Gellivare district amounted 
in 1902 to 977,744 tons. This ore as mined is 
divided into the five following grades :—(A) Con- 
taining below 0°04 per cent. phosphorus and up 
to 68 per cent. iron; (B) Containing from 0°04 
to o°10.per cent. phosphorus and 68 per cent. 
iron; (C) Containing from o°1 to o°8 per cent. 
phosphorus and 65 per cent. iron; (D) From 
o°8 to 1°25 per cent. phosphorus and 63 per cent. 
iron ; (E) In the E grades are classed all the ores 
containing higher than 1°25 per cent. phosphorus 
and the content of iron is patient at 61 per 
cent.—C,. §. Osborn, Mines and Minerals, 
Vol. XXIV., No. 3, pp. 1t-113.—P. L. 


THE location and typical conditions of eight 
principal iron-making centres are described and a 
comparison drawn between 
the railway conditions of the 

States and Biritain. The pi 
ae fe = iron conditions of the & 
as Competitors. countries are worthy of note ; 

thus a typical Pittsburg fur- 
nace using a 63 per cent. ore will produce 10,000 
tons per month, and use in doing so about 17,000 
tons of ore and perhaps’ 3,000 tons of limestone, 
or 20,000 tons of both materials. A typigal English 
furnace of the Cleveland district will use 25,000 
tons of calcined ore, or 35,000 tons of raw iron- 
stone with 4,000 to 6,000 tons of limestone to 
produce the same quantity of iron. In other 
words, about twice the quantity of raw material 
has to pass through the English furnace in order 
to yield the same output as the American one. 
In the case of the West Coast furnaces the quan- 
tities of materials are relatively less than in the 
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case of Cleveland, but they are still considerably 
greater than i in American plants. —**‘ Special Corre- 
spondent,” Iron & Coal Trades Rev., Vol. LX VII., 
No. 1858, pp. 1075-1076.—F. L. 


Tue author commences an examination of 
the alloys used for the production of special 
an atin steels. = hese — steels 

wt § A ssess characteristic features 
Steel Making. which fit them for some parti- 
cular purpose: thus by the addition, of certain 
alloys the tenacity and elongation of carbon-steel 
is improved, whilst others impart intense hardness 
to the metal. Taking nickel-steel first, experi- 
ence has shown that the nickel is best added in 
the form of a ferro-nickel alloy, and the steel is 
conveniently made by the Open-Hearth Process. 
By this method no difficulty is found in alloying 
even very low percentages of nickel, and the 
ingots quahenss - are perfectly homogeneous. 
Experience has further Fone that this uniformity 
cannot be secured by using metallic nickel. Four 
samples of ferro-nickel on analysis were found to 
contain respectively 25, 35, 50, and 75 per cent. 
of nickel, the constituents other than iron were 
found to range between the following limits : 


Carbon 
Silicon 
Sulphur 
Phosphorus ... 


0°75 to 100% 
0°20 ,, 0°30% 
O’oI ,, 002% 
0°02 ,, 0°03% 


Nickel-steel is largely employed in the construc- 
tion of gun tubes, armour plates, shafts, and in 
all purposes where high tensile strength is required. 
In fact, forgings of steel containing from 3 to 34 
per cent. nickel, and 0°28 per cent. carbon, have 
a tensile strength 40 per cent. higher than nickel 
free steels of the same carbon content. A steel 
containing 36 per cent. of nickel is worthy of 
note; this alloy serves for the construction of 
chronometric apparatus, geodetic bases and com- 
pensated clocks. The expansion of this alloy is 
so very slight that it can scarcely be measured by 
the most delicate apparatus, and compensators 
made from it remain almost unaffected by tempera- 
ture. Chromium is known to impart great hard- 
ness to steel and has therefore been utilised in the 
manufacture of armour plate and projectile steels. 
Modern armour-piercing chrome-steel projectiles 
will penetrate compound armour plates 10} ins. 
in thickness, remaining practically unaltered in 
form, whilst projectiles of 13°5 ins. diameter when 
fired from a 63-ton gun will penetrate over 3 ft. of 
steel and wrought-iron. Chrome-steel also finds 
application in the manufacture of stamp heads, in 
the construction of safes and vaults, in the manu- 
facture of tool steels, wire ropes, and so forth. 
These steels usually contain from I to 4 per cent. 
of chromium, associated with from o°8 to I per 
cent. of carbon, but it seems that the addition of 
15 per cent. chromium to a steel containing 0°4 
per cent. carbon, produces the best mechanical 
prope:ties. The chromium is added in the form 
of a ferro-chrome containing from 60 to 68 per 
cent. chromium associated with iron and decisive 
amounts of carbon. By means of the electric 
furnace, ferro-chromes may be obtained containing 





Engineering Abstracts. 


70 per cent. chromium, and this form of alloy is 
employed by the Carnegie and Bethlehem steel 
companies for the manufacture of armour-plate 
steel. At the Krupp works ferro-chromes are 
obtained by the Goldschmidt method, in which 
metallic aluminium is used as the reducing and 
heat-producing agent. A more recent alloy is 
that of ferro-cobalt, which added to steel is ex- 
ted to produce similar properties to those of 
nickel-steels. In one case a steel containing 1°8 
per cent. of cobalt, gave in the unannealed condi- 
tion a tenacity of 41 tons per sq. in., and an 
extension of 19 per cent. on 2 ins. After an- 
nealing the results were: tenacity 35 tons per sq. 
in., and extension 29 per cent. The fact has also 
been established that cobalt steels containing 
higher percentages than 1°8 are very malleable, 
and have a higher limit of elasticity than that 
ssed by carbon-steel. Dr. J. Ohly, Mines 
and Minerals, Vol. XXIV., No. 3, pp. 109-110. — 
FP. L. 


IN the case of steel, the engineer relied on tests 
of samples for assurance that he was obtaining 
suitable material. It was im- 

Tpnaite Fe 4 portant, therefore, that the infor- 
mation given by tests should be 

definite and comparable. Mechanical tests were 
for the engineer the most important, but as usually 
conducted they were not wholly satisfactory, and 
had to be supplemented. The object of the paper 
was to consider some conditions which affected the 
results of tests, especially as regarded the measure- 
ment of ductility. Ductility was probably the 
most important quality in the material for working 
purposes. Some conditions were then discussed. 
The time-effect was only negligible provided 
inertia-forces might be neglected. The method of 
gripping the test-bar and the form of fracture as 
affecting the results were discussed, and the 
influence of enlarged ends on the elongation. The 
effect of the position of fracture between the 
gauge-points was examined, and some numerical 
results were given. Next, the effect of small 
variations of cross section, which was greater than 
was ordinarily supposed, was shown. The total 
elongation was shown to consist of a general 
stretch, nearly uniform along the bar, and a local 
stretch. As geometrically similar bars deformed 
similarly, the percentage of ultimate elongation 
was the same in similar bars of the same material. 
The law of percentage of elongation in geo- 
metrically dissimilar bars was then examined, and 
it was shown that for bars of any given material, 
of gauge-length / and cross-section A, the per- 
centage of elongation was given by the equation 


c ms 
+6 
Z 
where the first term on the right was the local and 
the second the general extension, ¢ and 6 being 
constants. This equation was first verified by 
application to some results obtained by Mr. Barba 
on bars of varying gauge-length, cross section and 
form of cross section. |The proportion of local to 
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general extension in certain cases was determined. 
An account was then given of a series of tests on 
ship and boiler plates of different thicknesses, 
made for the Engineering Standards Com- 
mittee. The results were first discussed by using 
plotted curves without assuming the elongation 
equation. Taking from the curves the elongations 
for bars of a standard form, the real relative 
ductility of these bars was found. This was com- 
pared with the elongations for bars of constant 
width such as were generally used in testing. It 
was shown that the elongations in the latter case 
were very misleading as to the relative ductility. 
In the case of similar bars the ductility decreased 
as the thickness of the plates increased. But the 
results on bars of constant width would lead to the 
conclusion that the thickest plates were the most 
ductile. The constants in the elongation equation 
were then given for the bars in each of six series of 
tests and for plates of } to 1} in. thick, with a detailed 
comparison of the elongations calculated by the 
equation and observed in the tests. A further 
series of tests on plates with varying percentages 
of carbon was given. The constants ¢ and é in 
the elongation equation decreased as the percentage 
of carbon increased. Lastly, a series of tests was 
made by Mr. F. C. Fairholme, of the Cyclops 
Steel Works, on short test bars cut from tires and 
axles. It was shown that the elongation equation 
was applicable to these short test-bars. The 
forms of short test-bars which could be used in 
such cases was discussed, and a very simple 
recommendation was made which would secure 
that in all such tests the elongations would be 
comparable. The question of quality figures for 
materials was then examined. It was pointed out 
that if quality figures were to be of value the tests 
must be made on similar test-bars, or the results 
must be reduced to equivalent results on similar 
bars. The values were examined of the quality 
figure for the whole of the tests described in the 
paper for test-bars of different areas of section. 
Prof. W. C. Unwin. B.Sc., F.R.S., 
Proc. Inst. Civil Engrs., Nov. 1903.—C. E. A. 


IN a paper presented to the American Electro- 
chemical Society, the author discusses the practi- 
cal application of the passive 


The Passive 


State of Iron. “2te of iron. Iron may 


made to assume this condition 
by employing the metal as an anode in suitable 
electrolytes, and of such solutions are sodium 
nitrate, and various other soluble nitrates. On 
assuming the passive condition, the iron is not 
attacked by the anode products, but acts towards 
the solution as would an anode of platinum. 
Whilst this fact has been long known it has only 
recently met with industrial application. An im- 
provement in the method of brazing bicycle parts, 
consists of dipping a portion of the frame to be 
brazed into a bath of molten spelter which effec- 
tually brazes the joints, leaving, however. an 
adhering coating of spelter on the outer walls of 
the tubing. This thin layer must be removed 
before the frames are enamelled, and an attempt 
was made to remove it by means of an electro- 
lytic stripping process. Many trials of various 
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electrolytes were made, and it was found that theiron 
corroded more readily than did the copper which 
enters into the composition of the brazing spelter. 
The idea then occurred of making the iron more 
electro-negative than the copper by causing it to 
assume the passive condition, and on using the 
sodium nitrate solution it was found that the 
spelter could be completely removed, leaving the 
iron intact. This method of electrolytic stripping 
is now an important adjunct to the dip brazing 
method, and it may be applied equally well in 
removing silver, lead, tin and other metals from 
an iron surface. Nickel cannot be removed in 
this way, since nickel, as well as iron, assumes 
the electro-negative state. In stripping brass 
from iron the current should remove it at an 
approximate rate of one gram per ampére-hour, 
provided that all the current enters the solution 
from the brass and none of it utilises the iron as 
an anode surface. C. F. Burgess, Amer. 
Manfr., Vol. LXXII1., No. 15, pp. 521-2.— 
FS 


IN order to arrive at a more certain knowledge 
as to the composition and strength of steam 
cylinder castings, 41 specimens 
supplied by 21 firms were ex- 
amined, all of which were cast in 
the same way. The connection 
: between the chemical composition 
of cast iron and its behaviour with regard to 
mechanical strains, has so far been known only as 
to some essential points. The following results 
are stated by the authors. Both the absolute and 
relative strengths are in the first place dependent 
on the percentage of silicon and the total per- 
centage .of carbon, the co-efficient of absolute 
strength being for high amounts of silicon the 
higher, the lower the total percentage of carbon 
present at the same time. Moreover, the total 
percentage of carbon may be the higher, the 
smaller the amount of silicon contained by the 
material. Sulphur has hardly any influence on 
the absolute strength, whereas appreciable effects 
are noted in the case of the transverse (flexion) 
strength. The resistance against shocks seems to 
be the higher the greater the ratio of the relative 
strength to the absolute strength ; this shows the 
advantageous influence of low amounts of sulphur 
on the resistivity to shocks. Phosphorus does 
not exert any influence on the magnitude of the 
strength co-efficient In the case of deflection 
experiments, the behaviour of the deflection curve 
is modified. Whereas the latter for higher 
amounts of phosphorus is nearly rectilinear as 
regards the (breaking) charge, the curves of 
material poor in phosphorus become gradually 
steeper, the increase of the deflection for equal 
increases in the load being greater in the case of 
higher charges than in that of low charges. A 
similar effect is observed in the case of bound 
carbon (upwards of 0°90 per cent.). The influence 
of phosphorus is much more striking in the case 
of shock experiments, whereas bound carbon 
seems to exert but a small influence in this 
respect, the resistance against shocks being not 
materially improved. 
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The average figures are given in the following 
table :— 
Absolute strength ... ... 1961 kg., sq. cm. 
Relative o cat eee EE gg 96 pe 
Deflection before fracture 8°3 mm. 
Height of fall of hammer 8°5 mm. 
The chemical composition ranged between the 
figures given below : 
Percentage of Si from 0°92% to 2°13% 
‘ss of Mn ,, 0°56 to 1°21% 
se of P_ ,, 0°23%- to 0°69% 
os of S 0'078% to 0'123% 
Total je of C 3°36% to 3°62% 
Bound ie of C 0°63% to o'877% 
», Graphite ,, 2°53%4 to 286% 
F. Wiist and P. Goerens, Stai/ & Lisex, 
Vol. XXITI., No. 19, pp. 1072-1077.—A. G. 


THERMITE is the name given to a mixture of 
iron oxide and aluminium, both of which are in a 
fine state of division. The 
reaction taking place is that 
of the oxidation of the alumi- 
nium, which gives rise to a 
very high temperature and in 
turn effects the reduction of 
the iron oxide to metallic iron. Chemically the 
reaction may be expressed thus: 2 Al + F, O, 
= Al, O, + 2F. The iron so obtained is of 
exceptional purity, but obviously the method can- 
not compete with the ordinary reduction processes. 
In the case of the more costly metals, as chromium, 
manganese, nickel and cobalt, the method has 
some commercial value. In the production of 
these metals the ore in the form of oxide is mixed 
with finely divided aluminium, and the mixture 
placed in a Hessian crucible. On the surface is 
spread a layer of barium peroxide and aluminium 
termed’ the ‘‘kindling mixture.” In the centre 
is placed a cartridge consisting of a pellet of the 
kindling mixture with a short strip of magnesium 
ribbon projecting. A match is applied to the 
latter, which evolves sufficient heat to start the 
reaction between the barium peroxide and alumi- 
nium, which in turn evolves sufficient heat to start 
the reaction between the oxide and aluminium. In 
this manner carbon free manganese, nickel, cobalt 
or chromium may be readily obtained. The appli- 
cation of thermite as a heat producer has so far 
been made to problems of welding, especially the 
welding of rails i sifu, structural iron-work, 
pipes, etc. In using thermite as a heat producer 
the manipulation is practically the same. Usually 
the parts to be welded are surrounded at the point 
of junction with sand, firebricks, etc., to confine 
the heat, and the thermite is placed within this 
improvised furnace. B. P. Caldwell, /v/. 
Assoc. Eng. Socs., Vol. XXXT., No.2, pp. 57-62. 
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PRIME MOVERS. 

THe Lackawanna Steel Company are now 
putting in three plants for using blast-furnace gas, 
oneof eight 1,000-h. p. engines to 
drive dynamos, and two others, 
including 16 2,000-h. p. engines, 
which are to drive blowing-engines. There 
has been a very eager struggle for improvement 


Blast-furnace 
Gas-engines. 
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in the design of large unit internal com- 
bustion engines during the past few 
years. The ordinary gas producer, the 
Mond process with recovery of ammonia, 
and the Pettibone-Loomis process, are 
being rapidly introduced. so that the gas- 
engine is forging ahead for central station 
work, for pumping plant, and miscel- 
laneous purposes. One of the latest 4-cycle 
engines is that of the Niirnberg Company, 
of which the new valve gear is shown in 
Fig. 1. On the shaft is a cam a, which 
through the rod d e actuates the inlet 
valve through the levere fg. This valve 
opens inward during the whole of the suc- 
tion stroke. It is closed by the spring /’. 
In the same valve case is a counter- 
balanced doubly seated valve, which per- 
mits the entrance on the one hand of gas 
and on the other of air in constant propor- 
tions. It is operated through the lever m f/ 
and the rod/£2. The roller z of this rod is in con- 
tact with the surface of the lever ¢ 4, so that this 
mixture valve is also opened during the entire 
suction stroke. The governor acts by displacing 
the rod / 7, so that the roller zis more or less 
distant from the fulcrum ¢c. In this manner the 
mixture valve opens more or less according to the 
position of the governor. One of the most inter- 


esting of the European gas-engines is the Koerting 
double-acting 2-cycle engine, which has been 
selected by the Lackawanna Steel Company. 
The piston has a length about equal to the 


stroke of the engine, while the working cylinder 
has somewhat more than double its length. At 
both ends of the working cylinder are the inlet 
valves, which are operated by cams from the valve 
shaft, Besides this valve there is attached to the 
cylinder head only the small valve for starting the 
engine with compressed air. The engine has no 
exhaust valves. The working piston, when it 
occupies the position at the end of the stroke, 
uncovers a series of ports through which the 
products of the combustion may escape (Fig. 2). 


FIG. I.--BILAST-FURNACE GAS-ENGINES, 














FIG. 2.—BLAST-FURNACE GAS-ENGINES, 


The mixture of gas and air is supplied by two 
auxiliary pumps, located alongside the working 
cylinder. They are driven by a crank from the 
main shaft, and are operated by one rod. They 
are supplied with plain piston valves, so arranged 
that the rear part of the gas pump and the rear 
part of the air pump supply the rear inlet valve of 
the engine cylinder. G, Kirchhoff, /7/. 
Franklin Inst., Vol. CLVI., No. 2, pp. 81-96. 


THE author takes a general view of the changes 

which have been made in order to overcome 

the defects appertaining to the 

Water-tube cylindrical type of boiler. The 
Boilers vane yP 

. velocity of the water through the 

tubes is much greater than in cylindrical boilers. 

In the Babcock & Wilcox boiler, if working under 

proper conditions, there is a ‘‘head” of 3 ft. 44 ins., 

which gives a velocity of 14°7 ft. per sec. ; but 

this is much reduced on account of friction. The 

velocity of water in the Belleville is less than 

this, owing to the constricted and tortuous passage 

through which it has to pass. A great deal has 

been said about the bad effects 

caused by salt water getting into 

water-tube boilers, but where the 

circulation is good, the tubes large 

and straight, salt water does but 

slight harm if the density is not 

allowed to increase too much. The 

pitting of the tubes in the upper 

elements of the Belleville may be 

due to superheated steam being 

iominaenlk. and not so much to 

the magnesium chloride splitting up 

and combining to form hydrochloric 

acid. The steam from some boilers, 

notably the Belleville, passes through 

a reducing valve, causing a more 

even pressure to be maintained, and 

therefore to some extent makes up 

for small steam space in the boiler. 

The steam, if perfectly dry on 

being reduced in pressure, would be 

slightly superheated, or if there 

were a certain percentage of water 
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present, the amount of heat liberated would 
evaporate the water in suspension. The scale 
on the inside of tubes may be easily re- 
moved by means of a tool formed with three 
spindles attached to a small turbine, the three 
spindles each carrying three or four chilled cutter 
wheels, the whole being fixed toa length of iron 
tubing which is connected to a pump by means of 
a hose. The only repairs likely to be necessary 
are the renewal of a few tubes, which can be 
readily obtained and fitted in a short time. 
Tubes, however, last a considerable time, and 
the only other repairs likely to be required 
are in the nature of a few fire bricks and fire 
tiles, although quite a different state of things 
exists with the Belleville, with its screwed-tube 
joints and nipple-pieces connecting the feed dis- 
tributor to the headers, and the headers to the 
drum. All-water-tube boilers require regular and 
even firing, so as to prevent excess of cold air. 
Where there are two or more boilers, the feed 
supply does not require so much attention as 
would be the case if the furnaces were fired 
promiscuously and unevenly. Steam may be 
raised from cold water in about half-an-hour with- 
out setting up any permanent defects, and as 
regards coal consumption the published results of 
steam trials appear to show that the water-tube 
boiler can hold its own with the cylindrica! type. 
A. E. Mills, /roc. /nst. Marine Eng., Vol. 


XV., pp- 3-75. 


THIS paper was undertaken with a view of 
shortly recording the results of a very extensive 
investigation into the pro- 
duction of superheated steam, 
a full exposition being forth- 
coming in the Mitthetlungen 
tiber Forschungsarbetten. As 
regards in the first place the properties of super- 
heated steam, the specific volume, heating value, 
and thermal conductivity are especially important 
for its production. The specific volume is gene- 
rally calculated from Zeuner’s state equation for 
superheated vapour, having with the designations 
used in the case of the gas laws the following 
form :— 


Investigations in 
the Production 
of Superheated 
Steam. 


pu=RT—Cp".. . 
where constants ® and C are for the tension / in 
kg./sq. cm. and the volume z in chm 
R=0°'00509 C=0°193 =} 

As regards the heating value of superheated 
steam, the following equation is nearly universally 
adopted : 

A’ = 606'5 +.0°305 4; +0748 (¢’,—#,), 
where the two former terms of the sum represent 
the liquid and vaporisation heats, the last one the 
superheat. The knowledge as to the thermal 
conductivity of superheated steam is limited to 
hypothesis and isolated experiences, some phe- 
nomena rendering the existence of a very small 
conductivity probable. In the second part of the 
paper, the advantages of cast-iron superheaters are 
discussed. From the considerations of the 

e of heat through the superheating surface 
the following conclusion is drawn:—In super- 
heaters using the whole of the flue gases in super- 
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heating the steam, the relation between the work 
performed by the boiler and the coefficient of the 
passage of heat will not show any material 
departure from a linear formula, both factors thus 
being approximately proportional. In the fourth 
part, the speeds of the steam in the superheater 
tubes are dealt with, the following factors having 
to be taken into consideration when choosing the 
convenient value of this speed: passage of heat, 
durability, and fall in tension. The speeds 
recorded vary between 4 and 28 mm _ per sec. 
With regard to the utilisation of heat in producing 
superheated steam as treated in the fifth part of 
this paper, the connection between the super- 
heater and the boiler is of paramount importance. 
The determination of the efficiency in the case of 
superheaters with special fireplaces is difficult on 
account of the considerable influence exerted by a 
lack of knowledge as to the specific heat and the 
amount of water contained by the entering steam. 
It is shown that by fitting steam generating plants 
with such superheaters, the efficiency is lowered 
only by a little less than 5 per cent., provided 
both the boiler and superheater be well utilised. 
Building superheaters into the boiler will increase 
the efficiency of the latter, the original boiler being 
modified in two respects, as both the heating 
and radiating surfaces of the boiler are augmented 
by the superheating surface. The work done by 
the boiler in generating superheated steam is 
discussed in the last chapter, this factor being 
modified for two reasons when modifying the 
connection of the superheater with the boiler, 
viz., first, by the modification of the temperature 
fall controlling the passage of heat bétween smoke, 
gases, and water ; second, by the modification of 
the relative position of some heating surface 
elements of the boiler with regard to the fireplace, 
controlling to a high extent the efficiency of the 
boiler-heating surface. It is shown that compound 
hot steam locomobiles working with steam tem- 
peratures upwards of 300 degs. Cent., require 
simpler and cheaper steam-generating plant than 
wet steam-locomobiles of the same output. The 
use of superheated steam will therefore, in addition 
to the advantage of greater economy, be advisable 
also on account of the lower first cost of the steam 
generating plant —O. Berner, Zeitsch. Ver. 
Deutsch. Ing., Vol. XLVII., Nos. 43-44, pp- 
1545-1552, and 1506-1594, 1903.—A. G. 


Gas engines have entered a successful competi- 
tion with steam engines on account especially of 
their being worked with so-called 

Suction Gas poor gases, the latter being pro- 


ts. . 
Fagus ‘Sedte duced either by a pressure genera- 


tor or according to a more recent process by suction 
generators. In the latter case there is no steam 
boiler, the steam used in the production of the gas 
being formed by the heat of the exhaust gases and 
the radiant heat of the generator. From tests made 
onsuch a suction gas plant, the following conclusions 
were drawn :—In the generator there occurs a ready 
decomposition of water (0991 kg. per-1 kg. Cent.) 
resulting in a low temperature of the generator, 

mall amounts of slag and small radiation. On 
entering the scrubber the gases arerelatively cool, 
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the scrubber water absorbing only 4 per cent. of the 
heat contained in the The efficiency of the 
generator is very high, being 0°92 of the theoretical 
possible efficiency. As regards the motor, the 
nearly complete decomposition of water results in 
a gas rich in hydrogen, and accordingly of a high 
heating value, rapid and safe combustion of the 
heating gases, high explosive tension, and no 
dispersion in the diagram. On account of the high 
mean tension, the specific output of the motor is 
very high. Moreover, temperatures are relatively 
low on account of the high specific hzat of 
water vapour; the efficiency is yery satisfactory. 
The author thinks generator gas engines to be sus- 
ceptible of further improvement.—K, Brauer, 
Zeitschr. Ver. Deutsch. Ing., Vol. XLVTI., No. 24, 
pp- 1517-1524.—A. G. 


THE ever-increasing importance of steam tur- 
bines has drawn attention to the phenomena 
connected with the streams 
traversing these engines. As 
no reliable theory of these 
phenomena has so far been 
given, allowing in the first 
place for the influence of a widening of the outlet 
to be accounted for, the most contradictory con- 
clusions have been drawn from former experiments. 
The author bases a theory on the well-known 
fundamental formulz for the stationary streams of 
elastic liquids, without limiting the same by any 
dubious hypothesis, the solution being of a sur- 
prising simplicity. The theory developed in this 
paper shows, for example, all the phenomena 
observed by Stodola (Z.D. /ng., p.1., etc., 1903), 
to be in excellent accordance with other experi- 
ments, this being an evidence of the accuracy of 
the processes used by the various experimenters. 
The statement made by Zeuner, that the speed of 
the streams in widened tubes may grow beyond 
the velocity of sound, is confirmed for the case of 
the stream filling the tube completely. H. 
Lorenz, Zettschr. Ver. Deutsch. Ing., Vol. 
XLVII., No. 44., Oct. 31, 1903, pp. 1600-1603. 
—A.G . 


Streams of Gases 

and Vapours 

through Tubes 

with variable 
tion. 


THERE is a difficulty in securing sufficient 
compression with danger of premature explosion. 
With blast-furnace gas there is 

Compression in . but little hydrogen, and this 
the Gas Engine. gas is therefore safer toemploy 
than Mond or similar hydro- 

genous gases. Some further information on the 
degree of compression to which gas engines are 
regularly and safely being worked would be useful to 
engineers generally. Unless pistons are water- 
jacketed, a gas engine cannot very well use a rich 
gas with a compression exceeding five atmospheres 
absolute. In the conventional gas-engine diagram, 
which has been laid down on steam-engine lines, 
the explosion is sudden and severe. An enormous 
temperature is generated in the cylinder at a time 
when the piston is standing still and the crank- 
shaft is revolving at full speed heavily pressed 
against its bearings, yet receiving no turning 
moment from the heavily-loaded piston. The 
heat of explosion is going rapidly into the jacket 
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and heating water instead of doing useful work. 
Maximum pressure is attained when the crank is 
at a position of useful effort, and heat is applied 
to the expanding gases when they require it, 
and it is thus more efficiently converted into work 
than when set to heat the jacket water. As an 
engine, however, which to keep warm is our best 
endeavour, the steam engine is a superior machine 
to the gas engine, which has to be kept cold. 
The superior total efficiency of a gas engine over 
a steam plant is merely due to greater compactness 
of the whole cycle of operations.—W. H. 
Booth, £Zéc. Kev., Vol. 53, No. 1,343, Pp. 297. 


Goop producer gas has about 55 per cent. of 
nitrogen and other inert ingredients, and as a 
P - result its heat value per cub. ft. 
Rooneqny of of explosive mixture is about 
theGas-engine 80 per cent. of that for natural 
asInfluenced oy j|luminating gas. It is there- 
by the Fuel. fore possible to bring up the 
power of an engine to its natural gas standard by 
enlarging the cylinder diameter without making 
corresponding increases in shaft and other di- 
mensions. Similarly with blast-furnace gas, 
which is more diluted even than producer gas, the 
cylinder diameters may be enlarged out of the 
natural gas proportion to the other dimensions of 
the engine. It is found that while the power of 
an engine varies somewhat with the fuel used, 
that thermal efficiency and hence the B.T.U. per 
b.h.p. is nearly constant. Twelve thousand effec- 
tive B.T.U., whether from 12 cub. ft of natural 
gas, or from 85 cub. ft. of producer gas, will give 
I b.h.p. at fuli load in a suitably designed engine. 
From Io to 12 cub. ft. of natural gas are required 
per b.h.p. hour. Illuminating gas is more trouble- 
some than natural gas to use in a gas-engine, 
since the hydrogen it contains is rather touchy and 
sometimes ignites sooner than desired. Except 
for small engines and for the owners of gas-works, 
it is too expensive a fuel for power purposes. 
W. P. Flint, Proc. Eng. Soc., West Pa., Vol. 
XIX., No. 4, pp. 222 228. 1 ~cHyso} 


WITH a triple-expansion engine, one h.p.-hour 
may be obtained for 14 lb. of coal per hour, and 
Fuel Oi! if the boilers, engine and condenser 

_ * be properly looked after, this result 
is continuously possible. For many years refined 
oil has been used as fuel where the greater heat 
value alone determined the selection, but its use 
in large quantities in place of coal is confined to 
oil in its natural state. There are about 19,000 
B.T.U. in 1 lb. of oil, and about 12,000 avail- 
able units in 1 lb. of coal. In comparing the two 
fuels, it is not alone the difference in heat value 
per lb. that must be considered. There are ob- 
jections to the use of coal which would make oil 
the more desirable fuel if the heat values were the 
same, provided the cost of oil allowed the selec- 
tion. In the ordinary way of firing coal there is 
the opening and shutting of the fire-door, with the 
constant change of temperature to which most of 
the deterioration of boilers is due, and most of the 
expense of upkeep is entailed. Until the ashes 
from the burning of coal are removed from the 
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vicinity of a boiler, there is a constant deterioration 
of metal with which they are in contact. In 
burning oil, it is possible to dispense entirely with 
the temperature changes, there are no ashes to 
remove, and careful burning of the oil leaves very 
little unburned carbon. The burning of oil en- 
tails a minimum of expense for operating. The 
oil may be burned with the use of either steam or 
air, or both, to atomise it. In selecting an oil 
burner with a steam atomiser, care must be taken 
that the quantity of steam be not too great a 
percentage of the total amount generated. If the 
plant where oil is burned uses pneumatic tools, it 
may be more advantageous to use air. Where a 
forced-draught system of combustion is used, a com- 
bination of steam for atomising and air for com- 
bustion may be used. Ina plant of over 4,000 

h.p., using steam to atomise the oil and air at a 
pressure of 3 ins. of water for combustion, there 
is obtained regularly a net evaporation of 14°1 lbs. 
of water from and at 212 deg. per lb. of oil. 
The tubes are sponged in this plant once a month, 
as against every day when coal was used, and no 
repairs to furnaces or tubes have been necessary 
after seven months. J. F. Rowland, /7/. 
Franklin Inst., Vol. CLVI., No. 2, pp. 139-141. 


During the recent'drought in New South Wales, 
Prospect Reservoir became almost depleted, and 
a scheme had to be 
devised to supplement 
the supply by bringing 
water from the Nepean 
River, some 14 miles away, which necessitated 
a lift of 240 ft., including friction-head. It was 
clear that no ordinary form of reciprocating pumps 
would be equal to such a range of duty, and there- 


Steam Turbine- 
Driven Centrifugal 
Pumps for High Lifts. 
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fore it was decided to adopt centrifugal pumps in 
sets of three, and capable of being run in series or 
in parallel, the quantities and heights in each 
case adapting themselves to this system. Three 
firms were asked to tender, and the offer sub- 
mitted by Messrs. Parsons & Co. was accepted. 
The first and largest set consists of a Parsons 
compound steam-turbine direct-coupled to three 
special high-lift centrifugal pumps. The steam- 
turbine shaft and the three pump-shafts are all 
independent, each being mounted on its own pair 
of bearings, and provided with claw-type flexible 
couplings. Each pump is designed to deliver 
14 million gallons of water per 24 hours against a 
head of 240 ft , when running at a speed of 3,300 
revolutions per minute. The pump consists of a 
central double-sided runner, running in a closely- 
fitting bushed casing. The water, entering the 
pump at the bottom, is divided into two portions, 
which pass up the two sides and enter the runner 
through bell-mouthed passages. At each side of 
the runner there is a pair of small propellers, 
which assist the flow into the central runner. The 
shaft which carries the pump runner is 3} ins. in 
diameter, and is provided with special ring-and- 
groove glands, which serve, in the case of suction- 
pumps, to keep air out, and in the case of pressure 
pumps, to keep the water in. When used as suction- 
pumps the outer pocket of each gland is connected 
by a small pipe to a low-pressure water service, so 
that water may leak into the pump instead of air. 
The inlet pipe of each pump is 11 ins. in diameter, 
and the outlet from the volute is roins. in diameter. 
The results guaranteed by the makers were as 
follows :—Quantity of water delivéred per day of 
24 hours in millions of gallons, 1°5 ; total lift or 
head in feet, 700; speed, revolutions per minute, 





No. or Test. 








Date ... wie 27 Jan., 03 3 Feb. 1903 -— 
Title of test ... site Contract Contract Overload 
Duration of test in hours ... ose ose 2 1°54 1'2 
Steam-press. in Ibs. per sq. in... : - 57 57 84 
Vacuum in condenser, in ins. of mercury... 27°46 27°82 27°62 
Barometer vp , sd a 29°65 29°89 29°89 
Condition of steam .. Dry & saturd. Saturd. Saturd. 
Weight of steam used per hr. in Ibs. , 7,039 7,208 
Weight of steam per water h.p.-hr. in Ibs. 27°93 30°67 | 83 27°89 
Speed, revs. per min. 3,300 3,330 3,710 3,340 
Mean delivery gauge readings { 1st, pump ZZ a oo po 

in lbs. p. in. | 3a pump 326 318 393 323 

obs saa II II 


°F. Sur on 

95° F. Superht. 

9,398 6,667 
28 


II II 
744 756 
1°499 | 1°689 | 1°503 
1°513 1°555 
235 326 239 


759 733 


Height of suction in ft. 
Total lift in ft. ‘ 
Mills. of galls. water pump } Venturi 

per day : : Meter Orifice 
Water h.p. .. 
Gross h.p. obtainable from a a perfect steam- 


762 
1°573 | 
1°623 | 

252 

engine on the Rankine cycle between 720 

given limits of temperature ove 

Water h.p. 


Gross h.p. 100 ... 350 31°0 32°6 
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2,000 to 2,400; steam pressure, lbs. per square pressure of the propeller on the water, two 
inch, 150; steam consumption per water h. p.,-37- dynamometers of the Duckham type were attached 
The results of tests conducted by Pref. Goodman to the thrust-block, which was made movable in 
are stated in the table on preceding page.—C, a cast-iron sole-plate. Table I. shows the results 
W. Darley, 7rans. Inst. C.E., Vol. CLIV., of a series of runs. The results for efficiency 
June, 190}. show values excessively high. It would appear 
that the developed power may have been 

NAVAL ARCHITECTURE. greater than as indicated in the diagrams. 
IN order to ascertain as near as possible the Nevertheless these results still have their 
exact proportion of the power developed in the values as a basis for comparison, since it may 
engines to that utilised in be confidently assumed with engines of about the 

Experiments on overcoming ship resistances, same size that at least the relation between the 
oe ee some interesting experiments power actually developed and that shown in 
Shear ten Free Were recently carried out by the diagrams remains sensibly constant. With a 
Route. Herr Murk Lels, director of view of investigating the accuracy of Froude’s 
the Kinderdyk shops, near analysis and model research, two paraffin models 

Rotterdam. For the purpose, a small screw steamer were made of this form and subjected to the 
of the following dimensions was used :—Length, usual tests in the Dutch Government model 
72 ft.; beam, 14 ft. 9 ins. ; depth, 8 ft. 10 ins.; tank at Amsterdam, under the direction of 
dis lacement, 70 tons; diameter of high-pressure Herr A. von Beck. The results are given 
cylinders, 124 ins.; diameter of low-pressure in Table II. Column § gives the net horse- 
cylinder, 25 ins. ; stroke, 18 lbs. ; boiler-pressure, power which, reckoning simply from model 
100 lbs. per sq. in. ; diameter of propeller, 6 ft. experiment, would be needed to propel the 
3 ins. ; pitch, 7 ft. 74 ins. ; developed surface, ship at corresponding speeds. Froude first 
15 sq. ft. In order to measure the reaction of the called attention to the fact, which was later 


Taste I, 





| 
Mean Mean Load Speed of Speed of 
Revo- on ‘Thrust Ship | Propeller in | 


Slip per 
* | lutions. | Block in lbs.| in Knots. ots. | Cc 


ent. 


94°0 1,907 | 6°97 7°08 1°55 
III‘O 2,762 | 807 8°36 3°47 


127°5 3,966 | 9°02 : 6°04 
148'0 5,968 | 10°07 9°6 


160°5 7,630 10°47 

1750 10,007 | 10°84 

180°5 11,007 II‘or 
3 .5t 8 





Tasce II. 





} Augmenta- 
¢|,1-H.P. | 1.H.P. Effective tion as per 
developed. comptd. | " Power. cent. of 

| Col s. 








31°03 | é 2 15°80 25°06 
| 27°42 20°09 
80°24 "36 | : 42°74 5) 24°5 
132°35 ; ‘43 | 70°69 26°5 
170°33 37 | 7 87°75 ; 35°4 
230°58 | ‘ 108 °46 8 
260°32 | pt gr | ; 120°22 5 49°9 











5 7 
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proved by experiment, that at a given speed 
a ship propelled by its own propeller is subject 
to a greater resistance than if it were moved 
by a tow-line at the same speed. He termed this 
‘‘augmented resistance,” which is shown by the 
excess of the values of the thrust power (column 
4) over those of effective power (column 5). In 
column 7 this excess is shown as a percentage of 
column 5. Froude announced as a result of his 
tests with the Greyhound that the propulsive 
co-efficient was found between 37 and 40 per cent., 
whereas Prof. Flaum notes that the values usually 
range between 46°2 per cent. and 54°2 per cent.— 
=. aa by Gelder, ney Engg., 
ol. VITT., Nos. 8and . 414-418 and ~458. 
H. B.D. 9» PP. 414-4 454-45 


THE author indicates a method by which the 
cost of construction of ships could be reduced by 
resorting to a system of mould 
work in lieu of the almost 
universal method of tem- 
plating. Too little atten- 
tion is given in many yards to the manner of 
building the ship. Many foremen are incapable 
of judging the cheapest way of turning out the 
work from the drawing-office plans. Frequently 
they wait, before starting one portion of a ship, 
until all the preceding parts are in place, and 
then begin to template off clips, liners, plates, 
etc., of which a larger number could be laid off in 
duplicate at one-fourth the cost, besides having the 
parts ready when wanted. A man, who has 
qualified as loftsman and fitter, should be appointed 
to look after all moulds and loft work, in order 


Practical Mould 
Work in 
Shipyards. 
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that he may decide what work it may be pro- 
fitable and advantageous to lay off from the loft 
and what may be templated. With moulds, 
fifteen plates would be a fair day’s work, against 
three or four by templating, at a day’s wage. As 
to piecework, the only difference will be a reduc- 
tion in the price of plates and shapes laid off 
moulds, while the workman still. earns the same 
wages with no increased manual labour. One 
great advantage would be that as the plating tends 
to fair the ship and holds the frames in position, 
the expense of ribbands and fairing the ship by 
carpenters would be dispensed with. Mould 
work enables the builders to proceed simultaneously 
with all parts of the hull. The reduced cost of 
riveting must also be noted ; for many parts could 
be assembled on the ground and riveted by 
machines at a much lower cost per rivet, so as to 
leave but a small quantity of riveting to be done 
on the ship, with the exception of the shell and 
decks, which must be riveted in place. Even to-day 
there are firms who make a wooden mould for each 
frame for use on the bending slab, and then carry the 
frames and floors to the scrieve board and to and 
from the punch in order to transfer the holes from 
the frames to the floors and beam brackets, while 
by simply laying off and boring the moulds the 
expense of carrying hundreds of tons of steel to 
the scrieve board and the cost of the expensive 
scrieve board itself are dispensed with. The 
order of erecting a ship with framing and shell 
would be as follows: The keel plates would be 
laid on the blocks ; the keel liners, the hull straps, 
keel bars, centre keelson plates. and stiffeners 
would be placed in position and well bolted 

together. Riveting and caulking 

should be commenced before floors are 








in place. The garboard strakes are 
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then lapped on and followed by suc- 
ceeding strakes of bottom plating to 
the lower turn of the bilge. The 
outboard strake should rest upon a 
ribband strong enough to carry the 
weight of the frames. The framing 
may then be commenced with, and 
the bottom plating should be bolted 
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to the frames. Then proceed with the 
side-plating by starting at the deck and 
working downwards. It will not be 
found necessary to horn the frames, 
as the plating will bring them into 
their true position. The object in 
starting the plating at the deck is to 
keep the sheer fair. When incon- 
venient to erect frames with beams 
attached, they should be put in place 
as soon as the frames are erected. 
The inside work should follow the 
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framing as closely as possible. All lap 
holes in, frames and beams could be 
punched. Fig. 1 shows an example 
of bulkhead mould work ; the moulds 
required would be as follows: One 
frame mould, one horizontal stiffener 
mould, one plate mould, one beam 
mould, one vertical stiffener mould. 
Fig. 2 shows the mould for the plates 
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which serves for all the plates on the bulk-head. 
—S. H. McLane, Marine Eng., Vol. VII1,, 
No. 10, pp. 526-528.—H. B. D. 


WHEN the Admiralty first stipulated that all the 
holes in destroyers were to be drilled, contractors 
thought this condition in- 
Drilled v. Punched volved an increase of cost 
Rivet-holes in the ° : 
Hulls of Ships. and time out of proportion 
to the better quality of work 
produced. The method we adopt is to drill the 
inside strakes of the shell-plating, etc., by electri- 
cally-driven radial drills placed near the boats in 
the yard. The plates are then sheared and put in 
position on the ship’s side or bottom. The outer 
strakes of plates are drilled in place by portable 
pneumatic drills, the inner plates acting as jigs for 
the holes in the outer strakes. The electrical 
drills we use have arms like a double-jointed gas- 
bracket, so as to be very readily adjusted. The 
spindle has a quick return motion, so that as soon 
as it is relieved it rises clear of the work. These 
drillsare each driven byanindependent I-h. p. motor, 
which is mounted at the centre on which the outer 
arm swings. The speed of the drills is variable 
between 250 and 500 revolutions per minute. We 
first used Morse twist-drills, but eventually made 
our own drills from ‘‘ Speedicut ” steel, and found 
that these were better suited to our purpose than 
any we had previously tried. By adopting the 


system described the holes are all dead trae and 
equal in every respect to the best boiler-work. 
They are consequently ready for being riveted up 


without even a rimer or drift being used, nor any 
inaccuracy due to not getting the holes exactly in 
their correct positions. If this mode of construc- 
tion were applied to our big liners their life would 
be prolonged ; they would not so often need to 
go into dry dock to have loosened rivéts replaced, 
seams recaulked, etc. In our class of work drill- 
ing holes does not adversely affect the cost ar 
speed of construction; for although, punching. is 
more rapid than drilling, there are many more 
men employed. In drilling plates under a radial 
machine one man with suitable tools can perform 
the whole operation without any assistance, or any 
handling or moving of the plate. Punching must 
be done on one plate at a time, but it is often 
possible to drill several plates at once. We have 
ourselves used these machines repeatedly on batches 
of eight plates bolted together. The average time 
taken to drill a g-in. hole through eight 4°,-in. 
plates is less than 40secs. . No punching machine, 
with its attendant gang, can rival this.—A, F, 
Yarrow, Proc. Inst. C.E., Vol. CLIV., 1903. 


MARINE ENGINEERING. 
THE author deals with the method of adjusting 
the bearings of naval engines, and the proper treat- 
ment of one when damaged. 
The Bearings of In the first place he considers 
Naval Engines. the Admiralty do not specify 
large enough bearings. A few 
suggestions based on actual experience may prove 
useful. First, as regards lubrication, the oil pipes 
must be kept clear, and the worsteds clean. Olive 
oil forms a good lubricant, but since thé supply is 
limited on board, a good mixture can be made of 
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2 olive and 1 crane. The next point is the bearing 
itself. Bearings are usually adjusted in three dif- 
ferent ways in the Navy. The first is by ‘‘ swing- 
ing”: that is, after the bearing has been adjusted, 
the rod is taken in hand and swung through an arc 
to test its tightness. The second method is by 
‘* flogging ” up the nuts on the bolts till the brasses 
grip the journal, and slacking back again a given 
amount. Liners are then inserted. The third 
method is by inserting a piece or pieces of lead 
wire, tightening up to the former position, and 
then by removing the wires, and by its thickness 
gauging the amount of clearance between the 
journal and brasses. The most accurate and 
scientific method is by using lead wire and wire 
gauge. With regard to the wire gauge, we will 
take the legal standard gauge, as this is most 
generally adopted. For engines of battleships or 
large cruisers, 24 L.S.G. will be a good adjust- 
ment for all main bearings and crank-pin brasses, 
and 26 L.S.G. for the crosshead of white metal, 
or 24 L.S.G. if of brass. For engines of smaller 
cruisers, making from 120 to 180 revolutions per 
minute, 27 L.S.G. for main and crank-pin brasses, 
and 26 L.S.G. for crossheads, will be found satis- 
factory. But it is always better to err on the 
slack side, as it saves the use of sea-water, which 
not only spoils the journal but decays the white 
metal through setting up galvanic action. Engines 
of destroyers can be swung, but if leads are re- 
quired a 30 L.S.G. for main bearings, cranks, and 
crossheads will run without trouble. Thrusts are 
almost universally of the horseshoe type, and can 
be easily set with feelers. First, the engines have 
to be got aft to the required position. Ifthe valve- 
gear is true, the cranks and crossheads are not far 
out.. Having got the engines central, the next thing 
is to tighten up the thrust collars and insert a thin 
feeler to prove that the collar and the shoe are 
parallel, and that the bearing is taking all over. 
Too much care to the exact measurement of all 
adjustments cannot be paid.—**‘ Naval Ens 
gineer,”” Zygincer, Vol. XCVI., No. 2494, 
p. 370.—H. B. D. 


THERE are at present indications of the advisa- 
bility of a return to the earlier designs of propeller 
having fan-shaped blades in 
place of the modern types, which 
usually possess blades quite nar- 
row at the tips; and to further 
increase efficiency, blades should 
be given a curved, receding form, 
so as to reduce the resistance due to rotative action. 
Owing to increased rotative velocity of the screw, 
the surface which experiences rotative resistance 
should be modified to suit the new conditions. 
The power expended in driving a tail-race stern- 
ward is of a definite amount, but too large an area 
ratio will cause an excessive waste. Conversely, 
too small area will cause a slipping of the thread 
of water. Such action causes loss of propulsive 
efficiency. Rotation of water is inherent to the 
action of the screw; the loss owing to this could be 
lessened by giving a curved, receding form, so as 
to drive the water outwards towards the ends of 
the blades. An indispensable feature of both-war 
and merchant ships is that-they must ‘be capable 
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of maintaining headway against heavy winds and 
seas. The writer is compelled to differ from many 
authorities with regard to the enormous increase of 
ship resistance after economical speed has been 
reached. May not a larger part of the excess 
i.h.p. be due to the increased waste of power inci- 
dent to the screw propellers at a high rotation? 
This is a question that can only be settled by 
direct experiment on a full-sized ship, with engines 
and propellers working at the highest speed. The 
recent trials of H.4/..Ss. Drake, King Alfred, Good 
Hope, and Leviathan have afforded, so far as their 
results have been published, an opportunity for in- 
eS the resistance of ships at various 
speeds; (2) the expenditure of engine power at 
various speeds; (3) the irreducible, non-produc- 
tive expenditure of power; (4) the reducible non- 
productive expenditure of power. The following 
formule will merit close examination by those 
who are interested in the increasing size, speed, 
and economy of our ships of war and commerce. 
Basing calculations on towing resistance of /. AZ. S. 
Greyhound, we have: — Z, = length = 172 ft. ; 
C: = coefficient of fineness = *575; S, = speed 
before resistance increased more than S*, = 
8 knots. For cruisers of the Drake class :— 
L,= 500 ft.; C,=°525; S,=speed to be ascer- 
tained before resistance increases more than 5S,?. 


_ £2.43 x C, x S, _ S003 x “675 x 8 _ 

The & L, 83 x C, 17283 x *525 
210 knots. The analysis of the Drake’s trials 
shows a similar result. From the Greyhound 
experiments it appears that resistance varied as 
S, up to 8 knots, and at 10 knots &,«.S?®3—re- 
quired speed of Drake before R« S**5, Using 
same values, except that S,=10 knots, we have 
00°83 x *§75 x 10 
$< aa =27 knots. Thus at 27 
knots the Drake will vary as S25, and net h.p. 
for propulsion should only. vary as S3®s5, But 
between 20°03 knots and 22°16 knots the i.h.p. 
varies as S**°, With the original blades of 152 sq.ft. 
total helicoidal area, it appears that between 22 
and 23 knots in the Drake the gross i.h.p. varied 
as $°7%, in the Leviathan as S5°*, the Good Hope 
as S776, and Aing Alfred as S3*, and in the 
Kent as S73. This discrepancy disproves the 
theory of the increase of gross i.h.p. being entirely 
dependent on hull resistance at the higher speeds. 
We shall certainly find it is the propellers which 
fail in efficiency at the higher speeds and not, as 
is popularly supposed, the ship resistance, and 
that thus the larger part of the gross i.h.p. is spent 
uselessly. The writer is aware that the above 
results do not accord with those deduced from 
tank experiments, but until actual towing experi- 
ments with large ships in deep water have proved 
that the resistance of long fine ships increases 
suddenly as the fourth to the tenth power of the 
speed, he cannot but regard the above results as 
being nearer the truth than those obtained from 
models. The proportion of helicoidal area to 
i.h.p, to secure maximum efficiency at the highest 
possible speeds is worthy of the most serious 
attention. In the case of H.M.S. Drake the 
greatest efficiency was attained between 15 and 20 
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knots, where there were only 30 to 70 i.h.p. 
per square foot of helicoidal area. As the 
proportion rose from 150 to 200 i.h.p. per 
square foot of helicoi‘al area, the efficiency 
fell off. Decline in efficiency is ascribed en- 
tirely to the enormous increase of wave-making 
resistance ; the writer maintains, however, that it 
is due to insufficient helicoidal area of blades 
generally, and to insufficient width of blades, and 
to the force of blade surface being unsuitable to 
the high speed of the propellers. The writer 
agrees generally with the commonly accepted 
percentage of loss due to internal friction of the 
engine. Propellers having the smallest or largest 
amount of slip do not always give the best results. 
The propeller is best which gives the largest 
value at all speeds to C, and Cp where C, = 


S3x LMS. op . 52x DM 
rE» We was a 


certain en of power which must be 
expended on the water, whatever the wake or 
eddy motion may be. If propellers be designed 
with a liberal proportion of helicoidal area to 
ih.p., say I sq. ft. to 70 ih.p., it is a simple 
matter to reduce that surface in the event of finding 
the pitch and area of blades being too great for 
the engines. The writer believes that very great 
improvement would be made in the average 

ges of all our high-speed steamships if the 
helicoidal areas of all propellers were increased by 
30 or 40 per cent. by the substitution of four- 
bladed screws for three-bladed ones. —G,. Quick, 
Fleet Engineer ( Retired) H.B.Ms Navy, Trans. 
Am. Soc. Nav. £., Vol. XV., pp. 637-659. 
—H.B.D. 


+ There is a 


THE attention of marine engineers has recently 
been directed toa phenomenon which may become 
Cavstintt ith manifest in the operation of a 

aves Ww screw propeller, especially at 
Sesow Saige. high speeds. The water 


rushes towards the propeller in virtue of the pres- 
sure of the atmosphere, augmented by that due to 
the height of the water-line above the point of the 


propeller under consideration. The cylinder of 
water remains entire so long as its velocity does 
not exceed a certain value. Beyond such value 
cavities are formed in eddies and whirls. The 

uantity of momentum impressed on the water by 
the propeller measures the ship’s resistance. If 
the velocity is so high that cavitation is produced 
the natural remedy will be to augment the mass 
of liquid acted upou, which in turn is proportional 
to the surface of the propeller. These considera- 
tions have- led. me into a simple rule : The propul- 
sive surface should be proportional to the product 
of the resistant surface by the speed—or, more 
exactly, to the quotient of the power by the square 
of the speed. is gives the Ltteniing equation : 


nd’?rt= /] 


supposed to be identical ; @ = diameter of pro- 
peller in feet; 7 = ratio of developed surface of 
one propeller to that of the circumscribed circle ; 
¥ = maximum ih p.; V =s of ship ; 7 = 
numerical coefficient. Experience shows that /, 


m = number of propellers, 
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which should be greater as the fineness of form 
relatively to the speed is less, should never be less 
than 6°5, and may with advantage even exceed 
8°5. The author proceeds to quote an example 
of a warship of 14,300 tons displacement and 
30,000 i.h.p., which with the original propellers 
showed a remarkable decrease of efficiency at the 
highest speed ; indeed one knot extra at that speed 
would require 15,0Co or 20,000 additional i.h.p. 
New propellers were tried having considerably 
greater propulsive surface, resulting in an increase 
in speed of one knot for the samei h.p. Evidently 
cavitation was produced with the original pro- 
pellers. By the above formula / showed a value 
of 4°5 in the first instance, whilst in the latter it 
was 6°5.—J. A. Normand, Marine Engz., 
Vol. VIII., No. 8, pp. 411, 412.—H. B. D. 


({n a letter to the Zxgineer, Oct. 16th, 1903, the 
author of the above paper states that the warship 
mentioned is H.M.S. Drake, and says that 
although by increasing the propulsive area of the 
propellers and consequently raising the value of 
the coefficient /, resulting in one knot increase of 
speed, he still considers that the propellers are 
not yet large enough. ) 


THE writer discusses a method for dealing with 
the problem of the screw propeller, which generally 
is: given power and speed, the 

A Problem propeller is required. In con- 
———- with jection with the various ques- 
Propeller. tions relating to screw propul- 
sion, however, the inverse 

problem may arise : given ship and propeller and 
the turning moment on the shaft, what will be the 
revolutions and speed? To appreciate thejproblem 
properly it will be well to call attention to the two 
following propositions :—(1) The work developed 
by the engine is measured by the product of the 
turning moment, by the angular velocity, or by 
2x-times the revolutions. (2) The schedule of 
steam pressures through the engine fixes its turning 
moment. It will be noted in particular that the 
power is not known and cannot be considered as a 
known quantity, since’it depends upon revolutions 
—one of the unknown conditions to be determined. 
The problems may arise in many forms, but all 
involve similar fundamental conditions, and in 
none can the power be considered as one of the 
known quantities. It will be seen that none of 
the formulz commonly adopted will deal with the 
problem here proposed ; thus it will be necessary 
to use such equations as are available and trans- 
form them as may be suited for the solution of the 
problem. We shall use the following notation :— 
W = 1.H.P.; Wp = power delivered to propeller 
shaft ; f = mechanical efficiency of engines; U = 
net work developed by propeller; ¢ = efficiency 
of propeller; A=area of low-pressure piston ; 
pm = mean effective pressure reduced to low- 
pressure cylinder ; Q=turning moment on shaft ; 
T = thrust; = resistance ; d=diameter of pro- 
peller ; # = pitch of propeller ; WV = revolutions ; 
u = speed in knots ; 4=factor in propeller equation 
denoting influence of slip; /=factor denoting 
influence of pitch ratio; 7# = combined factor 
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denoting influence, shape, and area of blades ; 
h=k+(1-s). Then, in general, we have— 
Q=f, (dpNuim) ... ae a ASD 
T=f,(dpNuim) .. ae 7 
R =f, (ship, speed) = 7 wet Pe 
By supposing forms of equations (1) and (2) 
known, we can suppose 4 to be eliminated 
between them. We may express this in the form 
T=F(Qdpuim) ... mts a 
The propeller and ship are assumed to fixed, 
hence and # remain unknown and variable. 
We may re-write the equations as follows : 


V=f, (Nx)... A nee ~~ +o 
TaxJf,(¥a) ... wo eat ee 


R=/f, (u) ais <# wat — 
and by eliminating (5) and (6) 7’ = /'(Qze) (8) 
Now 7'= &, and from (7) and (8) determine z. 
This will serve to determine JV, and any other 
feature desired. 

None of the ordinary formule relating to 
propeller design or its performance are in the 
form as called for by (1), (2), (4), (5), or (6). 
These may, however, be developed by suitable 
procedure. The fundamental equation for the 
propeller may be expressed as follows : 

C=d* (pNklim ... Sud ai 
(For derivation see author’s text-book on ‘“ Resis- 
tance and Propulsion of Ships,” Chapter IV.) 

u = ~pN (1-5) + 101°3. 

T= O= 101°34 =~U+pPN (1-5) ... (10) 
Then, if we put & -- (1 —s) = 4, we shall have from 
(9) and (10) 

T=a@f Nhklim ... ae a 2 
and by derivation 

_ Wp FP Nr*klin 
2xN 2re 
_ fpmLA 
also Q cane ton-ft. ... ven daar (4D 


(12) 


In equations (11) and (12) the only unknowns and 
variables in the case of a given propeller are J, 
& and 4, writing these equations as follows : 


= Nh eg ne .. (15) 


= N2k oa on -. (16) 


a’? fp? Lim 
2m Qe 
d+ p lim 
The expressions on the left may be called respec- 
tively the thrust and torque constants. Let these 
be denoted by Zand Q respectively ; then we have 
7, = Nh és ay = se 
0, = Nz ne “ss ae (18) 


y) 
whence eo =—=(1-s) 2 sage 


and S$ = 1->} ... de eA .« (20) 


Again, « =pNv'(1 -s) + 101°3... 30, Ae 
= 3” _ N(1-s) bai "TP 0 ©6433) 


The ratio 101°3%- + may be called the speed 
constant, and represents the ratio of speed to pitch ; 
this we shall denote by x,. Thenx, = V (1-5). 
—F. W. Durand, 7¥%ans. Am. Soc. Nav. E., 
Vol. XV., No. 3, pp. 887-901.—H. B. D.—{ To 
be continued. ) 


and 
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APPLIED ELECTRICITY. 


A BRIEF account is given of the 
leading characteristics of the chief 


St Turbi types of turbo- 
Electric Generat- generators now 
ing Plants. emanufactured, 


namely: the De 
Laval, a radial-flow turbine driving 
the generator through reducing gear ; 
the Parsons, a parallel-flow machine 
driving direct; the Westinghouse, the 
Willans & Robinson, and the Brush 
modifications of the Parsons principle ; 
and the Curtis, which has a vertical 
driving-shaft carrying the field magnets 
(surrounded by a stationary armature) 
at its upper end. The author con- 
demns the more usual practice of 
revolving the generator armature, as 
this is less fitted to endure the high 
speeds usually attained. The economy 
of space and buildings, and also of 
steam consumption effected by gener- 
ators driven from turbines instead of from re- 
ciprocating engines, is shown by the following 
figures. The Sulzer-Kolben 3,500-kilowatt two- 
phase generators and _ reciprocating engines 
installed at the Willesden works of the 
Metropolitan Electric Supply Co. weigh, with 
condensers, about 585 tons, and the space 
occupied by the foundations is 60 ft. 2 ins. by 
21 ft. 6 ins., while the vertical height from 
floor to top of the piston tail-rods is 33 ft. 4 ins. 
A Parsons turbo-generator of similar output weighs 
about 148 tons, and the space required is only 
37 ft. 1 in. by 8 ft. by 14 ft. 6 ins. in height, plus 
an equal depth beneath for the condenser room. 
A Curtis set of 5,000-kilowatt output weighs about 
175 tons, and does not occupy a space exceeding 
20 ft. by 15 ft. by 30 ft. high. In this size the 
condenser forms the base of the set. The maxi- 
mum guaranteed steam consumption for the Sulzer- 
Kolben engines, with saturated steam at 150 lbs. 
pressure and a 24-in. vacuum, works out at 22°2 lbs. 
per kilowatt-hour at full load and 23 Ibs. per kilo- 
watt-hour at half load. The guaranteed steam 
consumption of the Parsons turbo-generator, with 
150 lbs. pressure, 28 ins. vacuum, and 100 degs. 
Fahr. superheat, is 17°5 lbs. per kilowatt-hour at 
full load and 20 lbs. per kilowatt-hour at half 
load. Exact figures for the 5,000-kilowatt Curtis 
plant installed at Chicago are not yet available, 
but it is also much more economical than the 
Sulzer-Kolben. Further data are given to show 
the superior efficiency of turbine plants at low 
loads, and that they maintain their economy of 
steam consumption after several years’ working.— 
Geo. Wilkinson, /afer read before the Leeds 
section of ILE.E., Oct. 22, 1903.—E. J. W. 


SUP RINGS 





THE Schiiler-Ferranti motor aims at meeting 
the need for a machine which will give a big 


torque when starting under load 
without absorbing an excessive 
current. To this end it com- 
bines the properties of a repulsion and an induc- 
tion motor. The following diagram shows the 


A New Single- 
phase Motor. 
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COMMUTATOR 6 BRUSHES SHORT CIRCUITED ROUND 


PERIPHERY OF COMMUTATOR 


























MOTOR 
REGULATING SWITCH. 








CONNECTIONS OF THE SCHULER-FERRANTI SINGLE-PHASE MOTOR, 


Starting switch shown, with resistance entering on first stop. The dotted 
lines show position of starting switch with resistance short-circuited. 


scheme of connections. The rotor is designed 
like an ordinary continuous-current armature but 
with three slip-rings connected to the windings at 
the end opposite to the commutator. The latter 
has six brushes permanently short-circuited. By 
means of the slip-rings resistance is put in series 
with the rotor-circuit at starting, thus causing part 
of the current to be shunted through the com- 
mutator brushes; and by varying the resistance a 
range of speeds from half to full can be obtained. 
The stator winding resembles that of a polyphase 
induction motor — in the figure a three-phase 
winding is shown. Only two sections of this are 
in circuit together, and by changing one over to 
the remaining section, reversal is effected. Tests 
of a 5 b.h.p machine showed a starting torque 
three times the normal with a current not exceed- 
ing twice the normal, while the normal working 
current gave a starting torque 25 per cent. above 
the normal running torque. When starting un- 
loaded the motor only took one-quarter of its full- 
load current.—Ziec. Times, Vol. XXIV., No. 


626, pp. 551-552.—Z. J. W. 


FIG, I 
COMMUTATOR BRUSHES, 


FIG. 2. 
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THE author maintains that great advantage 
would result from running commutator brushes 
under oil, not merely because 
Gemenutater eneral experience indicates that 
eis tin Fiction losses and wear and tear 
il. due to parts revolving in contact 
with one another can only be 
reduced to a minimum by plentiful lubrication, 
but also because the oil would practically extin- 
guish the sparking, as it does when employed in 
high potential switches, thus necessitating fewer 
sections in the commutator for any given voltage, 
and less cross-sectional area to the brushes for any 
given current. Figs. 1 and 2 illustrate how this 
proposal may be carried out in practice in a simple 
manner, which avoids the difficulties attendant 
upon any attempt to surround an ordinary commu- 
tator with an oil-chamber. Instead, the commu- 
ta'or itself serves to contain the oil, being made 
hollow with inwardly-projecting flanges s, and 
the brushes 4 rub on its interior surface, round the 
whole of which the oil will be carried by centri- 
fugal force; but in the case of a series-wound 
armature only requiring two brushes, they can both 
be arranged to come near the bottom and actually 
dip in the lubricant. The only difference between 
the two designs is in the position of the exterior 
lugs a, to which the armature wires are connected. 
In neither case is the method shown of fixing the 
commutator on to the shaft, but it should present 
no serious difficulty. —-M. Osnos, Zettsch. Elek- 
trotechnik, Vol. XX1., No. 41, po. 580-582.— 
E. J. W. 


In the direct measurement of high p.d. with 
electrostatic voltmeters there is always a liability to 
sparking between the plates. 
To measure high p.d. with low- 
Electrostatic reading instruments, either a 
Alternating* transformer has to be used, or 
ane else non - inductive resistances 

é connected in series with the 
voltmeter, shunted or unshunted; but the first 
method is unpractical by reason of the power it 
wastes, while the latter involves“apparatus cum- 
bersome and troublesome to insulate properly. 
The authors propose to overcome these difficulties 
by coupling two capacities in series, and shunting 
an electrostatic voltmeter of relatively small capa- 
city across one of them, as shown in Fig. 1. If 
C, and C, be the values of the capacities in farads, 
V,, the p.d. at the terminals of the one in parallel 
with the voltmeter, and Z the total p.d. across 


Capacities as 
Multipliers for 


provided, the 


C, 
Ci, +C, 
insulation resistances of the capacities are equal 


both capacities ; then E so 


and very large. Between the reading of the volt- 
meter and the p.d. under measurement, there is 
therefore a constant ratio which may be of any 
desired value by suitably proportioning C, and 
C,. Advantages of compactness and saving of 
material are gained by making up the two capa- 
cities into one condenser, as shown diagramatically 
in Fig. 2. In either case, alternate sheets of tin 
or copper foil and mica are clamped between 
strong ebonite plates, and the whole immersed in 
a vessel containing oil. Tests of two instruments 
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on this principle, one with a ratio of about 1:2 
between the measured and actual p.d., and the 
other with a 1: 40 ratio for p.d. up to 10,000 volts, 
showed in every case a difference of less than 
I per cent from the mean value of the ratio, and 
mostly the agreement was much closer.—Prof, 
E. W. Marchant and G. W. Worrall, 
Paper read before the Bh. Assn., Report Electri- 
cian, Vol. LI., No. 25, pp. 1000-1.—£. J. W. 


FAcToRY managers and engineers are apt to 
assume that they can run their works just as 
cheaply with their own steam 
plant as it can be supplied them 
electrically from a_ central 
station, but investigation fre- 
quently shows that they have omitted from con- 
sideration many items which go to make up the 
actual plant costs. In addition to salaries, sup- 
plies, coal and water, there are repairs, deprecia- 
tion, interest on capital, insurance, taxes and other 
costs, all of which have probably been merged in 
the general accounts. But besides comparing 
costs per ekilowatt-hour the actual consumption 
will also be less with electric power, as all waste 
due to constant unnecessary running of generating 
machinery, pumps, shafting, pulleys, belts, etc., 
will be eliminated. Detailed figures are given of 
a factory whose total plant costs per month were 
about £190, but by the installation of motors 
totalling 400 h. p. and supplied with electric power 
at 2d. per kilowatt-hour, the figure was reduced 
to ‘£160 per month. It does not pay to install 
cheap motors to keep down the first cost, if the 
saving is effected at the expense of their efficiency, 
for a very slight inferiority in this respect will 
render them far more expensive in the long rut. 
For example, if two motors, costing respectively 
450 and £45, but the latter 3 per cent. less 
efficient, averaged 6 h.p. per day of 10 hours for 
a year ‘of 312 days, the cheaper motor would 
consume extra power equivalent to over £4 at 
2°5d@. per kilowatt-hour, and this sum capitalised 
on a § per cent. basis would raise its cost to about 
466 as compared with the £50 machine.—E. W. 
Lloyd, Paper read before Assn. Edison Illumi- 
nating Companies, Report Elec. Wid., Vol. 
XLII, No. 13, pp. §12-4.—£. J. W. 


Cost of 
Electric Power 
in Factories. 





568 


A KNOWLEDGE of the power required to opesate 
a centrifugal pump or fan at a rated speed and 
head is far from sufficient to 
determine what size motor 
should be provided, because 
the maximum load that can 
come upon it if the head varies may be far in 
excess of the rating. Owing to the rapid fall of 
efficiency at heads below the rating, the power 
absorbed may be much greater, even though the 
energy output is less. In a case—by no means an 
extreme one—such as is illustrated by the accom- 
panying curves of the performance of a centrifugal 
pump running at constant speed, a motor, fully 
loaded, when driving a pump rated at the point of 
maximum efficiency, would receive an 89 per cent. 


Electric Motors 
for Centrifugal 
Pumps and Fans. 


CURVES SHOWING OPERATION OF CENTRIFUGAL PUMP, 


overload if the pump had to work at the lowest head 
shown. The power consumption of centrifugal ap- 
paratus alters more rapidly with change of speed 
than probably any other class of machinery, and this 
is why a steady pump load is so effective in prevent- 
ing the racing of generators, and in maintaining a 
constant voltage. If the head varies as the square 
of the speed, which often happens with ventilating 
fans, then the load is proportional to the cube of 
the speed, and the C?R losses in the armature to 
its sixth power ; while, if the head is constant, as 
in pumping against a fixed lift, the ratio of change 
of load with speed is still greater. This considera- 
tion points to the installation of motors of ample 
size for such work, and to caution in the use of 
resistance for weakening their magnetic field when 
increased speeds are wanted.—A. J. Bowie, 
Jr., Paper read before Am. I. E. £., Sept. 25, 
1903; Report Elec. Rev. N.Y., Vol. XTI1., No. 
15, pp. 511-3.—Z. 7. W. 
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THE different methods of varying the speed of 
two- or three-phase motors may be classed under 
e insuiiineds four main headings: (1) 

peed eguiation Varying by means of a react- 
oi Seyenace ance or ‘‘compensator” the 

tential applied to the 
stator. The rotor—preferably of the squirrel-cage 
type—must contain a large resistance in circuit. 
The most favourable conditions for this method 
are intermittent loads, and speeds not less than 
one-half the nominal, and under these circum- 
stances it is the cheapest; but the motor takes 
excessive currents at starting and is very inefficient 
at low speeds. (2) Inserting resistance in current 
with the rotor winding, which must therefore be 
connected to slip-rings and brushes. This is the 
simplest means of control, giving a range 
from standstill to full-speed; but is not 
efficient, although slightly more so than 
the preceding one. I[t is most suitable 
for frequent starting and low speeds, 
as it makes no abnormal demands on 
the supply system, (3) Altering the 
coupling of the stator windings so as 
to change the number of poles. This 
only gives as many speeds as combina- 
tions, but at these the efficiency is very 
good. For a wider speed-range the 
method must be combined with one of 
the others. (4) Varying the frequency. 
To do this requires complicated devices or 
auxiliary apparatus and wires in propor- 
tion to the number of speeds desired ; 
but, given these, the efficiéncy is excel- 
lent.—--W. L. Slichter, afer read 
before the Am. Soc. Mech. Eng., Report 
Electrician, Vol. LI., No. 26, pp. 1044-5. 

‘—£. J. W. 


THE iron losses in continuous-current 

dynamos in comparison with those of 

Iron Losses er age oe the 

and a difference in the 

= Soeuinee. ratio of 1°9: 1 can be 
explained by taking into account the 

effect that the slope of the flux distri- 

bution wave in either case has upon 

the eddy losses, leaving only ‘6 to be ac- 
counted for by rotating hysteresis and other 
causes. The so-called full-load increment in 
iron loss can in a measure be ascribed to the 
skewing of flux due to cross-magnetisation, and 
this cause may increase the eddy loss to almost 
any value. The ideal flux distribution curve for 
a minimum iron loss is a parabola degenerating 
into a flat top with parabolic sides, the formula 


being 6 = re [(25 4 + 9)* -— 3], where 4 is as 


le-pitch, and £ is 
the ratio of the co-efficients of hysteresis and eddy 
loss for a parabola with height 4 = 1, and base m. 
For a given pole-pitch there should be less and 
less flat top the greater the periodicity, z.e., the 


shown in the figure, is the 


revolutions. Inthe case of alternators of low 
frequency a flat top wave should be aimed at when 
the hysteresis is more important than the eddy 
loss, but when the former is practically negligeable 
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compared with the latter, the condition 6 = °75 m 
should be fulfilled.—A. Press, Zéctrician, 
Vol. LI., No. 26, pp. 1049-1050.—Z. 7. W. 


Tuts process is base1 on the discovery made 
by the author in conjunction with Prof. Kiessling, 
viz., that even rather thick 
layers of highly insulating 
substances may easily be 
perforated by electric means, 
when there is poured on one 
of the surfaces a drop of hot 
wax, stearine or the like, about 2 cm. in diam. 
and 2 mm. in height and: perforating the latter, 
after it has become quite cold, by means of a thin 
needle as far as the plate to be pierced. Now 
the author observed the fact that fora given plate 
of a similar substance there is always a certain 
minimum spark length for which the perforation 
is just possible, this minimum spark length being 
proportional to the thickness of the plate for the 
same substance. Dr. Walter therefore terms 
dielectric strength of an insulating material the 
minimum spark length in air, producing a per- 
foration in less than a minute in layers of the 
material I cm. ia thickness. The following 
table contains some figures recorded by the 
author :— 

1 Pure hard rubber oe " 

2 Hard rubber coloured with 
cinnabar ee sea onl 
Hard rubber coloured with zinc 
oxide 
Common glass 
Lead glass ‘ 
White alabaster glass 
Black alabaster glass 
Common plate porcelain 
Hermsdorf hard porcelain 
Marble re 
Galalite 
Stebelite ... 19 to 35 
Homogeneous mica 35 to 57 
Colophony a cot 
Wax cea Ss nes a 
Paraffin ... — sas as a 

17 Soft rubber ‘ a J 

Dr. A. Walter, Ziektrotechnische Zeitschrift, 
No. 39, 1903, pp. 796-802.—A.G. 
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ONLY a few experiments on real high-tension 
cables have so far been performed in Germany ; on 
the other hand, experiments 
on the energy losses in such 
cables, as published in England 
and America, especially by 
Mordey, do not appear to be very reliable. The 
experiments recorded in this paper were made on 
a number of high-tension cables constructed by 
the Allgemeine Elektricitiits-Gesellschaft, all the 
specimens -being of the treble type, rubber, im- 
pregnated jute fibres, paper or combinations of 
several of these substances being used as insulating 
material. The method used was as follows :— 
In the circuit of an alternating-current machine of 
50 periods per sec. there was inserted a hot wire 
amperemeter /,, the low-tension coil W, of the 


Energy Losses 
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transformer used, as well as the main current coil 
of a Siemens & Halske torsion wattmeter 7, the 
tension coil of which, as well as the hot wire 
voltmeter #;, were connected in parallel to the 
terminals of the transformer, and finally a con- 
trolling resistance R. In parallel to the secondary 
coil W, of the transformer, there was connected 
the static voltmeter Z, ; the current traversing the 
cable was measured by means of the hot wire 
amperemeter 7,. From the results recorded in this 
paper it is inferred that the quadratic law for the 
dependence of the energy loss in dielectrics on the 
pressure is true even for cables, up to all the 
tensions investigated, provided the insulation be 
such that the limit of dielectric strength is not yet 
reached. ‘This result ‘is particularly important in 
view of the statement frequently made that the 
dielectric losses in cables should be directly pro- 
portional to the pressure. It is next inferred 
from these experiments (which are being continued) 
that using a suitable impregnating matter will 
allow of the losses being maintained at very low 
values. — Dr. Richard Apt and Carl 
Mauritius, Z/ektrotechnische Zeitschrift, No. 
43, 1903, pp. 879-885. —A. G. 


THE author has investigated the mild steels as 
used in the construction of electric-machines, the 
first int considered being 

5606 Ghee as their decile resistivity. The 
results obtained by C. Bene- 
tionofElectric dicks, viz., that a dissolved 
Machines. atom of a body, expressed by 
its ‘value in carbon,” will augment the resis- 
tivity by constant quantities, viz., 5°9 microhm 
cm., are berne out by Barrett, Brown, and 
Hadfield’s experiments. As regards the per- 
meability, the highest value found by the author 
in the course of measurements made by means of 
a Picou permeameter on square bars of silicon 
and aluminium steels, containing 2°5 per cent. of 
either of these metals is 2,260, corresponding 
with an induction of 6,000 C.G.S. In order to 
confirm indirectly a hypothesis according to which 
hammering the steel would result in breaking and 
deforming the constituent grains, thus augmenting 
the hysteresis, the author has adopted an artificial 
system by which the structure of hammered steel 
is roughly represented by soldering — a 
bundle of mild iron wires, 2 mm. in diameter, 
and cutting more or less inclined sections out of 
this bundle. The author thinks the conditions to 
be obtained are a high purity and great accuracy 
and regularity in softening, the only point to be 
improved being the regularity. Mr. Charpy 
thinks, however,-the silicon-and aluminium steels 
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present great possibilities of {further improvement 
on account of their great permeability and low 
hysteresis. G, Charpy, Ect. Elec., Vol. 
XXX VII., No.,44, 1903, pp. 169-180.—A. G. 


THE considerations given in this paper are based 
on the following facts: (1) The cost of material 
iGiiatinn at and work is a minimum in the 
Number of case of the ratio of the length 
Revolutions on of the armature to the diameter 
the Design of of the latter being great, even 
er + naa if this involves greater expense 

in effective material. (2) The 
smaller the number of revolutions, the more ad- 
vantageous will be a high value of this ratio. (3) 
The lesser ventilating effect of the armature in the 
case of small values of the numbers of revolutions 
may be compensated by augmenting the number 
of ventilating slots; this number may in rough 
approximation be increased inversely as the cen- 
trifugal force at the periphery of the armature. 
The main results of the paper are as follows: (1) 
Direct-current machines are best adapted for low 
values of the numbers of revolutions ; with each 
given output there will correspond a number of 
turns for which the price of the machine is a 
minimum. (2) Direct-current machines of equal 
outputs but different numbers of revolutions should 
have the same diameter of the armature. (3) The 
first cost of a machine is proportional to D Z, 
where D is the diameter of the armature, Z the 
length of the armature as measured between the 
terminals of the coil.—_H. M. Hobart, Z/4iro- 
technische Zeitschrift, No. go, Oct. 1, 1903, 
pp. 821-825.—A. G. 


LIGHTING, HEATING, 
and VENTILATION. 

THE bulbs of glow lamps act like concave 
mirrors producing bands of light in particular 
directions, as shown by Figs. 1 
and 2. Dark bands are pro- 
duced when a vertical portion 
of the filament is parallel to another portion of it. 
These effects produce rapid azimuthal variations 


Mean 
Candle-power. 
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FIG. 1.--MEAN HORIZONTAL CANDLE-POWER CURVE ROUND 
A CLEAR BULB 16-CANDLE-POWER GLOW LAMP. 
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FIG. 2,~- MEAN HORIZONTAL CANDLE-POWER ON THE OTHER 
SIDE OF THE SAME LAMP. 





A 





FIG. 3.—CONSTRUCTION FOR FINDING THE DIRECTIONS IN 
WHICH TO MEASURE THE CANDLE-POWERS, WHOSE 
MEAN VALUE WILL GIVE US THE MEAN SPHERICAL 
CANDLE-POWER. 


S A, the lower radius of a circle, is divided into any 
number of equal parts, and through the middle points of 
these equal parts lines are drawn perpendicular to S A. 
SP, and S P, are the required directions. 


of the light. In determining the mean horizontal 
c. p. of glow lamps, when no diffusers are used, a 
large number of observations must be made. 
This number may be reduced by using suitable 
diffusers. When glow lamps are used as standards 
it is of vital importance to study the horizontal 
c. p. curve before choosing and marking the 
direction in which they are to face the photometer 
screen. Neglect of this precaution even with 
f)-filament lamps leads to large errors. As a rule 
the plane of the filament is perpendicular to the 
axis of the bench. The mean horizontal c. p. 
curves got by comparing a lamp with two standards 
of different powers may show distinct variations 
due to the relative mirror effects of the bulb being 
different at varying distances of the photometer 
screen from the lamp. Several simple formulz 
and graphical constructions are given for deter- 
mining the mean spherical and the mean hemi- 
spherical c. p. of sources of light. The simpler 
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practical method of determining the mean lower 
hemispherical c. p. of an arc lamp is to measure 
its c. p. in directions making angles of 5°7, 17°5, 


30, 44°4, and 64°2 degs. with the horizontal, 
and taking the mean of the results. The 
easiest way of drawing these angles is by the 
graphical construction indicated in Fig. 3. If 
greater accuracy is required the same thing can be 
done in several vertical planes passing through the 
axis of the lamp and the mean of the results taken. 
—A. Russell, M.A., M.I.E.E., Proc. 
LE.E., Vol. 32, Part 161, pp. 631-646. 
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TRACTION. 
THE writer endeavours to show that for suck a 
service as would make it worth while changing 
from steam to electricity for 
ane ——-> haulage, the three-phase sys- 
Railways. tem has a slight advantage in 
first cost and in economy, but 
not sufficient to compensate for the additional 
complexity introduced into the train and line 
equipment, and that, on the whole, the present 
practice and tendency in America and England 
will be found to be justified, and future develop- 
ments for some time to come will follow on the 
same lines.—E, Parry, Light Rly. and Tram. 
Jul., June 5, 1903, pp. 379, 380. 


SERIES MOTORS approach to some degree the 
elasticity of steam-engines, but for their dissipating, 
in starting, part of their energy 
on passive resistances. As these 
motors should therefore be fed at 
variable voltages, monophase motors seem to be 
especially available for electric traction purposes. 
allowing of high-tension currents being used, and 
necessitating only one feed-wire in addition to the 
rails serving as returns. The series monophase 
motor, designed by the author, works at constant 
voltage, regulating automatically its speed accord- 
ing to the load, the speed being inversely propor- 
tional to the latter for high values of the torque re- 
quired ; it permits of regulation of the voltage 
being effected without losses and of the speed 
being varied within very extensive limits. On 
the other hand, it is not able to use directly high 
voltages, being moreover for the moment bound 
to relatively low frequencies. The characteristic 
curves of the motors, as given in the original 
paper, seem very advantageous, showing from a 
comparison between the monophase and con- 
tinuous-current motors that for speeds of 22 km. 
per hour the former will require in starting 
9°4 watt-hours per ton, against 12°35 watt-hours for 
the direct-current motor. As regards the energy 
absorbed during a trial run by the two motors 
under equal conditions, for mean speeds of 
17°5 km. per hour and about 2} starts per km., 
the integration of the kw.-meter diagrams will 
give for the monophase car (9°45 tons) “45 watt- 
hours per ton-km., for the continuous-current car 
(9°65 tons) 70 watt-hours km. Calculating the 
power factor from the experimental curves ob- 
tained, the value 0°7 was obtained in starting, 
whereas at the generating station the power factor 
comprising the line transformer motor is as an 
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average during the run 0°8, varying between 0°6 
and 0 95.—Dr. G. Finzi, L’ Elettricista, Vol. 
XII., No. 11, Nov. 1, 1903, pp. 261-264.—A. G. 


THE author has collected and arranged a con- 
siderable amount of data in tabular form with the 
twofold object of showing the 

are Seerione tendency of modern American 
Locomotives. locomotive practice, and also 
of comparing the dimensions 

of the locomotives with one another by a simple 
and logical method. Table I. shows the dimen- 
sions for representative locomotives and the ratios 
which have been calculated for purposes of 
comparison. The dimensions considered are as 
follows: weight, cylinder diameter and stroke, 
driving wheel diameter, boiler pressure, ‘total 
heating surface and grate area. ‘he maximum 
cylinder tractive effort has been calculated in each 
case, the mean effective pressure for the single- 
expansion engines being taken at 85 per cent. of 
the boiler pressure; for the four-cylinder com- 
pounds at two-thirds of the boiler pressure in the 
high pressure, and one-quarter of the low-pressure 
cylinders ; and for the two-cylinder compounds the 
work has been assumed equally divided between 
the cylinders, the high-pressure working with a 
mean effective equal to two-thirds of the boiler 
pressure. The figures enumerated above are 
given in columns 2 to 9 of the tables, and in 
columns I0 to 12 are given factors measuring the 
ratios which the four important dimensions of 
adhesive weight, tractive effort, heating surface, 
and grate area bear towards one another. 
Column 13 gives a factor of steam consump- 
tion, and column 14 the total weight of the 
engine per square foot of heating surface. These 
five factors give a fairly complete analysis of 
the proportions of the locomotives, and affords 
means for a rational comparison of different 
designs. The first three factors (columns 10, 11, 
and 12) are based onthe four determining dimen- 
sions of the locomotive weight on drivers, cylinder 
tractive effort, heating surface and grate area, 
measuring, respectively, the ratios of weight on 
drivers to tractive effort, of tractive effort to 
heating surface, and of heating surface to grate 
area. The following simple calculations show the 
exact relation between the steam consumption 
factor and the rate of steam combustion: Let 7 
be the speed in miles per hour, 7’ the maximum 
cylinder tractive effort, P the percentage of maxi- 
mum tractive effort developed at the speed V, 
then PT is the tractive power at the speed V. 
Let 4 be the amount of water required per horse- 
power per hour by the cylinders, Q the total 
amount of water used per hour, S the heating 
surface in square feet, g the amount of water 
evaporated per square foot of heating surface per 
hour; then g=f. Let ~ be the number of revo- 


lutions made by the driving wheels per minute at 
the speed V, Dthe driving wheel diameter in inches, 


then V= 


ta 
is ez? ‘ 
S75 


D 
= Now the horse-power developed 
a7ve 
375 





Hence the water consumed is Q 
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0 “As 2 Q - oe 

therefore 37 95 Vv. But 37% and = is 
wh 

f VB (1). This 


establishes the relation between the factor B, the 
necessary rate of evaporation, the cylinder con- 
ditions, and the speed in miles per hour. In 
a similar manner the other considerations are 
dealt with, and 22 tables in all are given.— 
Lawford H. Fry, X/y. Age, Sept., 1903, 
p- 404.—C. S. L. 


the factor B, hence g = 


THE evolution of the modern: passenger train 
has brought about two gradual changes—viz. a 
great increase in weight, amount- 
ing to from 100 to 200 per cent. ; 
a considerable decrease in tractive 
resistance, amounting to nearly 50 
per cent. for equal weights. Trains have been 
improved both in respect of frictional and atmo- 
spheric resistance. The friction is reduced by the 
following causes: (1) The bogie system is used 
throughout ; (2) oil is employed for lubrication 
instead of grease. A constant resistance of 8 lbs. 
per ton, which has been usually adopted in calcula- 
tions of the resistance of trains running in grease, 
is likely to be succeeded ultimately by a constant 
resistance of 4 lbs. or § lbs per ton with oil lubrica- 
tion. But the great source of economy lies in the 
substitution of the principle of the bogie for the 
sledge-like action of fixed parallel axles; for by 
this means not only the constant element of resist- 
ance but likewise the variable resistance will be 
materially diminished.—C, F, Dendy 
Marshall, B.A., Zvgineer, Vol. XCV/, 
No. 2,492, p. 321.—C. S. L. 


Some Notes 
on Train 
Resistance. 


In 1898 the Eastern Railway of France adopted 
some compound four-cylinder coupled locomotives 


with flat slide-valves. Their 
working drew attention to three 
points in particular which seemed 
capable of improvement — viz. 
they worked to, less atilvantage at a s above 
250 revolutions per minute than at a lower; the 
blast was weaker than in non-compound engines, 
chiefly when the speed was so high that the pressure 
in the intermediate receiver fell below 28 lbs. or 
35 lbs. per sq. in. ; and for easy running the cut- 
otf could not be earlier than 60 per cent. of the 
stroke in the big cylinder, which consequently did 
more work than the small, and ran down the 
pressure too low in the intervening receiver. All 
three defects were traced to the need in a double- 
expansion engine that the whole of the passages 
for the steam to flow through should be larger 
than in a single-expansion. Fitting piston-valves 
to 20 of the same four-cylinder compound loco- 
motives resulted in a saving of 10 per cent. in coal 
consumption. The cylinders, but not the cylinder 
cover, are steam-jacketed. The jackets have 
worked well, but their efficiency has not yet been 
determined separately. The author concludes by 
strongly advocating the use of piston - valves, 
which, he says, ‘‘afford the means of equalising 
the power in the small and large cylinders without 
entailing any countervailing disadvantage.” Their 
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chief merit lies in enabling compound locomotives 
to attain a high speed with relatively small wheels, 
so that express engines with six wheels coupled 
can now be built, which, with only a moderate 
—_ of rigid wheel base, possess great adhesion 
and ample power, both for starting and for going 
up inclines with heavy loads.—L. C. . 
Pelletier, Prac. Eng., 1903, Vol. XXVIIZ, 
No. 865.—C. S. L. ‘ 


MECHANICAL. 
WHEN steel eye-bars. were first. made, it took 
from eight to ten heats to make a finished head. 
The greatest difficulties have 
The MaKing of always been experienced in the 
pe-inc® forging of th thin bars 
Steel Eye-bars. ee ee oe 
on account of their buckling 
vertically in upsetting. As the size of the bars 
was increased it was found less difficult to upset 
and forge the heads than with the thinner bars. 
But a new difficulty was encountered in the full- 
sized tests of such bars ; they frequently broke in 
the neck, head, or body, showing a granular 
fracture, small reduction of area and percentage of 
elongation. The ordinary annealing does not 
always restore the heavy bars that have been 
injured in this way, and the tension and bending 
tests on small specimens will not always show such 
injury. This trouble with heavy bars became a 
serious matter, and a large series of bending tests 
on full-sized bars was made in order to have some 
good reliable check on the material as it came 
from the rolls, and before upsetting and forging 
the bars. The results of these test$ were very 
satisfactory, and it was’ found that it is necessary 
to finish them at a lower temperature than for- 
merly. A great many of our specifications con- 
tain the following clause : ‘‘ When material is to 
be annealed or otherwise treated before use, the 
specimen representing such material is to be 
similarly treated before testing.” This has done 
more to prevent progress in the manufacture of 
eye-bars than anything else. It is an important 
matter to have sufficient thickness in the wide bar 
to prevent the head from dishing. To prevent 
this it is customary to wedge each side of the head 
in the testing machine. This is one of the objec- 
tions to the use of eye-bars or links cut from wide 
thin plates, as is customary in Europe. Another 
objection is that these plates have always been 
used in the condition in which they leave the rolls 
without the beneficial effects of annealing. All 
that has been said applies equally to carbon steel 
or to nickel steel. When high tensile strength 
and elastic limit are required in large bars, steel 
containing 34 per cent. of nickel has special 
advantages, as this amount of nickel replaces 
about 0°15 per cent. of carbon, and the steel can 
be worked with greater safety. It gives a higher 
ratio of elastic limit to-ultimate strength, and is a 
tougher material, giving better stretch and bend. 
Corresponding advances have been made in the 
annealing of eye-bars, in the matter of charging 
the bars in the annealing furnace, carefully ob- 
serving the annealing temperature, and in the 
matter of cooling. —W. R. Webster, M.Am. 
Soc.M.E., Zug. News, Vol. L., No. 15, p. 325- 
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THE purposes of a piston-rod or valve-stem 
packing are to prevent leakages of steam with 
minimum pressure and friction. At 
ee. the same time the packing should be 
* dgsigned so that it will be sufficiently 
flexible to follow slight lateral movement of the 
rod while remaining steam- tight. Flexible 
packings of the latest design do not fill the entire 
stuffing-box, as steam is allowed to enter the 
stuffing-box, and the packings thus have a chance 
freely to acquire a vibratory motion. Steam 
leakage around the walls of the stufting-box is 
taken care of by metal or other 
Skets under glands, and by sliding 
aces ground steam-tight. The seg- 
mental block form of flexible packing 
usually consists of metallic segments 
of metal held close to the rod by some 
form of pressure. The principal ob 
jection to segmental packings is that 
they are expensive in manufacture 
and maintenance. They are generally 
of complicated nature, and ina triple- 
expansion engine it is almost impos- 
sible to obtain the same length of 
wear from the packings for the three 
different cylinders. Flexible packing 
of the conical-ring type (see Fig.) 
has given better satisfaction than all others, 
and is the packing used on 90 per cent. of 
the locomotives running in the United States. 
The principle of this packing is that conical, 
soft-metal rings are pressed against the rod, and 
packing is accomplished by the rings being forced 
jnto a solid cup bored to conform to the outside 
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of the rings. With this type of packing nothing 
comes in contact with the rod except the white- 
metal rings. The glands, neck bushings, cups, 
followers, etc., are bored larger than the diameter 
of the rod, and as the rings are of soft-metal, 
they cause very little friction and wear on rods. — 
C. Longstreth, /n/. Am. Soc. Nav. E., 
Vol. XV., No. 2, pp. 404-416. 


In designing the ram cylinders of hydraulic 
machines, the load on the ram and the water- 
pressure to be used are specified. 
Assuming a pressure of 1,500 Ibs. 
per sq. in., to be used, the two 
accompanying diagrams give on 
inspection the main dimensions 
of cylinder and ram 4g any given load. Suppose 
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FIG. 2. 
DIAGRAMS FOR HYDKAULIC MACHINERY. 


we have a cylinder as shown in Fig. 1, required 
to have a capacity of 450 tons. In diagram 1, 
Fig 2, find 450 tons on the horizontal axis, and 
the ordinate to the curve at this point gives the re- 

uired diameter of cylinder, in this case a little less 
than 28 ins. Before deciding on the diameter of 
the ram, it must be remembered that usually either 
a counterweight or an opposing hydraulic cylinder 
is used for the return stroke, and the ram must be 
made sufficiently larger to allow for the power con- 
sumed here. The internal diameter of the cylinder 
D, in Fig. 1, is made 1 to 2 ins. larger than the 
diameter of the ram, depending on the size of 
the ram. This would make D, in our example 
about 30 ins. The three thicknesses of the metal 
in the shell, 7, 7,, 73, Fig. 1, may be deter- 
mined from:diagram 2, Fig. 2, for either cast-iron 
at a safe fibre stress of 4,000 lbs., or cast-steel at 
10,000 Ibs. per sq. in. In diagram 2, the full 
lines are for cast-iron, the dotted lines for cast- 
steel. If in our example the internal diameter of 
the cylinder is 30 ins., and the cylinder is to be 
made of cast-steel, we read from diagram 2 that 
the required thickness of the side walls, 7’, is 
24 ins., 7, is 5$ ins., and 7, is 4g ins. We can 
then sketch out the cylinder to scale and estimate 
its weight and cost. Thus if we take a cast-iron 
cylinder 36 ins. in diameter, we find from dia- 
gram 2, Fig. 2, that the thickness of the metal at 
the bottom should be 12 ins. This excessive 
weight makes it inadvisable to use cast-iron for 
cylinders of this size. The steel cylinder under 
the same conditions would be 7 ins. thick on the 
bottom, and 3 ins. thick in the side walls. -—- 
Frank B, Kleinhaus, Zxg. News, Vol. L., 
No. 17, pp. 362-3. 
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THIs paper explains the deduction of formulzeand 
curves. Data were plotted and empirical formulas 
were deduced for various fits. 
The Fig. shows representative 
curves and the formulz for each. 
Forcing fits may be defined as 
those which require the use of 
some form of press, to complete the assembling 
operation. The allowance should never be so 
great as to prevent the stress from coming well 
within the elastic limit or the crushing strength of 
the materials employed. The best results are 
obtained when both surfaces are ground to fit 
gauges. The representative curve chosen for 
shrinking fits was one whose equation gave al- 
lowances which agreed with the standard adopted 
by the American Railway Master Mechanics’ 
Association for locomotive wheel-centre and tyre 
gauges. The allowances obtained by the use of 
this formula, while not excessive, are sufficient to 
insure a tight fit, thus avoiding the danger of 
excessive shrinkage stresses. Very few data 
could be secured for driving fits, the inference 
being that this method is about obsolete, and the 
practice of driving home a plug by blows is too 
crude to be used except where no other method is 
available. A running fit is designed to allow the 
surfaces in contact to move or revolve freely over 
each other. The more nearly the surfaces in 


Forcing, 
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contact approach perfection, the better will be 
the fit. It will be remembered, of course, that in 
order to obtain the bore diameter the allowance 
should be added to the diameter of the shaft, 
which the author was able to précure.—§,. H. 
Moore, 77ans. Am. So. M.E., Vol. XXIV., 
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WORKS MANAGEMENT. 
THE particular drafting room of the Westinghouse 
works in which the author is interested is turning 
out drawings at the rate 
Seshagioe’ Meaning of 20,000 a year, and a 
Drafting Room. constant effort is being 
made to get things down 
to a manufacturing basis. Having brought the 
work of the tracers under control, we turned our 
attention to the designers, draftsmen and clerks. 
This resulted in the formation of a separate de- 
partment called the Standard Division, for keeping 
the drafting room posted on Westinghouse practice, 
preparing forms for the transaction of business, the 
designing of standard parts of machines, the 
investigation of standard methods of figuring, and 
the up-to-date posting of draftsmen regarding 
stock sizes. The first thing taken up by the 
department was the matter of nomenclature, which 
resulted in a book of element charts and an illus- 
trated index. We also took up the naming of 
small pieces, and also much used parts 
of machines. The result of this was 
an illustrated index, of which every 
draftsman has a copy. Jn modern 
drafting rooms, whether large or small, 
draftsmen should be kept thoroughly 
posted as to the sizes of standard parts 
kept in stock in the shop store rooms. 
In the. Westinghouse drafting room 
there is a large swing-leaf poster, upon 
which stock bulletins are secured, con- 
taining up-to-date information regard- 
ing sizes of materials kept in stock 
in the shop store rooms. Information 
regarding Lorepe agen dies and 
tools, etc., is carried in card indexes. 
In the Westinghouse drafting room 
permanent instructions are issued as 
circular letters: the complete book of 
them at the present time is a volume 
about 400 pages of typewritten matter, 
the whole being duplicated six times. 
There is a printed book in which the 
instructions are classified, and in which 
the substance of each letter has been 
‘boiled down” into a few words. 
Every drawing after being checked is 
handed to the inspector, whose duty 
it is to catch all deviations from 
standard, and under whose advice all 
records are made of such patterns and 
much used pieces as draftsmen may 
wish to refer to in the future. In 
general, information to draftsmen 
belongs to one of two classes: standard 
or special. Under standard informa- 
tion, we have the Drawing Dictionary, 
Element » Charts, Illustrated Index, 
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Circular Letter Digest, Example Draw- 
ings and Abbreviations. Under special 
information are included records that 
have to be kept up-to-date.—G, H. 
Follows, xg. Soc. West Pa., 
Vol. XIX., No. 6, pp. 336-359. 


Cost of product is invariably com- 
posed of three elements—labour, mate- 
rial, and indirect ex- 
penses. It is generally 
admitted that the last 
element offers the greatest opportunities 
for cost reduction. The price of labour 
is largely governed by local conditions, 
that of material by ruling market prices ; 
whereas the amount of manufacturing 
—— is very largely a question ot 
efficient or non-efficient management. 
Accepting these statements, it follows 
that opportunity for cost reduction is in 
direct ratio to the proportion that in- 
direct expenses bear to the cost of the 
product. Assuming a foundry and a 
factory making machine tools, the 
labour and material directly chargeable 
to individual costs will represent a 
larger proportion of the cost in the 
latter case than in the former. On 
the other hand, the indirect manu- 
facturing expenses of the founder will 
be larger in proportion to the cost of 
his output than those of the machine- 
tool builder. The logical inference is 
that, efficiency being equal, a cost system 
in the foundry offers more opportunity 
for cost reduction than in the machine 
shop. In its relation to estimating, 
the word ‘‘costs” must be taken in 
its broadest sense. Accurate and reliable records 
of the cost of operating and of maintenance as 
well as costs of production are essential to the 
close estimating required by modern conditions. — 
Kenneth Falconer, /”/. Amern. Foundry- 
men’s Assn., Vol. XII., No. 2, pp. 258-264. 
—P. L. 
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BUILDINGs are commonly designed and erected 
without proper consideration of the work in view. 
The architect cannot lay out to 

eS. advantage buildings for a given 
* plant unless conversant with the 

character of the work. The location of the 
machines, the system of power transmission, and 
innumerable other details, materially affect the 
design of buildings, but manufacturers continue to 
design and erect their buildings independently of 
the equipment or of the work in view. While 
this paper is devoted to the machine shop in 
particular, a general subdivision of the depart- 
ments of a given establishment is contained in a 
chart showing the position occupied by the 
machine shop ,in the general scheme. Another 
chart subdivides the production department into 
the buildings, equipment, etc., each of these 
details being further analysed. When deciding 
upon the types of machines desirable, it is neces- 
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FIG. 2. 


MACHINE SHOP PROBLEM. 


sary to consider the question of ‘‘ power appli- 


cation.” Fig. 1 indicates approximately the 
number of courses which.may be open for fulfilling 
the conditions in view. Either coal, oil, or gas 
may be used, according to the iocation and size of 
plant, and so the desirability of each of the alter- 
natives will be governed by special conditions. 
The possible adyantages resulting from the use of 
individual motors and the various types of ap- 
paratus manufactured for this work, are graphically 
shown in Fig. 2. The names of concerns who 
have installed the different systems are given to 
the right. While all the charts given are only of 
value in so far as they present to the mind a 
picture which can be readily comprehended, we 
can at times graphically distribute costs, etc., 
showing the cost value of the different operations. 
C. Day, 7Zrans. Am. Soc. Mech. Eng., Vol. 
XXTIV., No. 0999. 


THE Universal Drafting Machine, invented by 
Mr; Chas. H. Little, is the most radical departure 
Drawing Office res +s" been es in the 

rafti ine, and is a very 
— teapantent aid to the drafts- 
man. This machine is doing all that was promised 
for it. by the inventor, and something more. 
The illustration shows one of these machines 
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3-—Oil-engine and Borehole Pump. 


Per 1,000 gals. 














Capital charges, labour, and 


1°53d. 
o'25d. 


1°78d. 


repairs . 
Crude oil fuel 


Total 


The. most suitable conditions under 
which the air-lift system (see Fig.) 
may be applied, are those which 
exist where a boring is in an isolated 
and inaccessible position and the air- 
compressing plant can be placed on 
an existing pumping station, involv- 
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in use for working out strains graphically. The 
machine is based on two fundamental ideas—one, 
that all angular work must be as readily put in as 
straight work ; and two, that we must enable the 
draftsman to draw and scale a line with the same 
edge at the same time. This applies in straight 
work as well as in angular work, and eliminates 
considerable erasing, as well as the constant 
changing from one tool to another. In short, 
work that formerly required two tools to be used 
on each line now requires only one, saving the 
time necessary to change from one tool to another. 
The protractor used with this machine also has a 
new feature, in that it is provided with spring tops 
for the angles most frequently used, and at the 
same time it may be clamped to any angle. In 
actual tests, Mr. Little has demonstrated on both 
a typical mechanical and a typical structural draw- 
ing that the saving of time is very nearly the same, 
and amounted to 334 per cent.— J. McGeorge, 
Trans. Am. Soc. Mech. Eng., Vol. XX1IV., 1903. 


WATER AND SANITARY. 
HAVING to provide pumping plant for a boring 
154 ins. diameter and 400 ft. deep, situated in an 
isolated and somewhat in- 
See Si accessible position, the author 
made a careful estimate of 
the comparative cost of pumping and maintenance 
with—(1) air-lift, (2) steam-engine, and (3) oil- 
engine. The results are shown in the following 
statement, the lift being assumed as 100 ft., and 
the working hours 3,000 per annum :— 


1.—Compressed Air Plant. 
Per 1,000 gals. 
Capital charges, labour, and repairs 1°16d. 
Fuel as per test October 7, 1902 ... 1°073d. 
Total 2°233d. 
2.—Steam-engine and Borehole Pump. 


Capital charges, labour, and repairs 24d. 
Fuel (average of tests by the author) o°§d. 


Total pike a Oh 


ing but little outlay in the erection 
of new foundations or buildings, or 
in the purchase of additional land, 
and without incurring the provision 
of additional labour at the site of the 
boring. To secure satisfactory results, 
however, it is important that the difference between 
the rest level and the pumping level should not be 
excessive, that the fluctuations of the same should 
be ascertained beforehand, and that the ratio 
between the immersion of the air-pipe and the 
total lift of the water should be adjusted to the 
most — eg and not greatly varied 
in ordinary wor Although it cannot be 
denied that the cost % fuel involved by the air-lift 
exceeds that required with a steam or oil-driven 
pump of the ordinary form, yet the author believes 
that, under suitable conditions, the former will 
prove to be preferable, taking all charges into 
account in each case.—W, H. Maxwell, Proc. 
Brit. Assoc. Waterworks Eng., 1903. 


& & ibe. per ag. inch. 
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The abstracts are made by Specialists, and are 
accompanied in many cases by diagrams. 


of current literature. 
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EMER ate RE Pumps and puunptis Machinery. 


Sinking Pumps 


» A SPECIALITY . 

















Telegrams ; 
“ EVANS, 
Wolverhampton.” _ 


Nat. Telephone No.39. & i 


ee 


CATALOGUE No. I 
on APPLICATION. 


& 


USED 

ON ALL 
MODERN 
SINKING 
OPERATIONS. 


& 


& 


LONDON OFFICE: 
SALISBURY HOUSE, 
LONDON WALL, 

E.C, 


ee 

Depots : 
Newcastle-on-Tyne, 
Glasgow, Cardiff, 
Manchester, Etc. 


Se 


NO TAPPETS, 
* LEVERS, 
OR 
DRAIN 
COCKS. 


& 


“CORNISH” SINKING PUMP (Bucket Type). 


JOSEPH EVANS & SONS, 


» Culwell Works, WOLVERHAMPTON. 
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Photo of Smokeless Chimney at Cotton Mill in Preston, where there 

are three Lancashire Boilers fitted with Meldrum & Clayton’s Koker 

Stoker, burning 75 tons of coal per week. The smoking chimney 
has stokers by other makers. 


22 BOILERS FITTED FOR THE SAME FIRM. 


RESULTS GUARANTEED. 


MELDRUM BROS., Ltd., 


Timperley, MANCHESTER. 
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ELECTRIC CRANES! 


If you require a Crane you want the best. 

It is possible to pay a low price and yet have a dear Crane. 

Our object is to give entire satisfaction because we wish to 
do more business as the years go by. 

We make overhead electric Cranes up to 100 tons capacity. 

Any advice or information that we can give is yours for 
the asking. 


We invite your inquiries. 


THOMAS BROADBENT @& SONS, 
HUDDERSFIELD. 


U p-to- D at e Teuconaue: “CRANES, BEDFORD." 


CRANES 
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Bedford Engineering Co., 2%"... 
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High-Class —— Cambridge Scientific 


Instrument Company, Ld. 
Hydraulic Machinery. 


ELECTRIC & HYDRAULIC 
PASSENGER LIFTS, 


Accumulators, 
































EWING’S 
EXTENSO- 
METER. 









ia 


ioe \ 









Cranes, 
Pumps, 
Presses, 





‘ Valves. 

This instrument has been designed by Prof. Ewing 
fe suri he elasti i d modulus of 
ROBERT MIDDLETON, ! | cissticity of specimens of metal under tensile tests. In 


mahogany case, complete, £27 10s. 
Sheepscar Foundry, LEEDS. ogany complete 





Write for our Catalogue of Physical and Electrical 





London Agent: Apparatus. 
E. C. AMOS, 20, Bucklersbury, E.C. Head Office and Works. London Branch. 
Tel. Add.—*‘ Hydraulic,” Leeds. Nat Tel. 214. Carlisle Road, Cambridge. 92, Hatton Garden. 
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High-class Boilers, 


PATENT, VERTICAL, MULTITUBULAR, and 
CROSS-TUBE TYPES. 
© @ 
COCHRAN & CO., ANNAN, Limited, 
ANNAN, SCOTLAND. 


BLACKMAN FANS 


ELECTRIC OR BELT-DRIVEN 


For VENTILATING WORKSHOPS, 
FACTORIES, Etc. 


JAMES KEITH & BLACKMAN CO., Ltd., 


27, Farringdon Avenue, LONDON, E.C.,, ane srancues. 
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Ulater-Cube Boilers. 




















“MUMFORD” PATENT 
WATER-TUBE BOILER 


wren more. Highly Efficient. 
; a Economical. 

¥ Simple in Construction. 
Easy to repair. 
Tubes can be replaced 
without disturbing 
the surrounding Tubes. 
Perfect Combustion. 
Occupies small space. 








q SITS AE ? cor 
AS SUPPLIED TO ¢<O eo? 
8) 
THE wh ¢ 
ENGLISH & TELEGRAPHIC ADDRESS: 
o “MUMFORD,” COLCHESTER. 
ADMIRALTY ‘ ‘ 





FOR @- 


FIRST-CLASS ‘ 7 
TORPEDO BOATS  ]lijpiaiigaagaliah A 
AND a ae nel ae 
VEDETTE BOATS. 


—S wg peta 


FOR ESTIMATES, etc., ape 
APPLY TO iit FS 


CULVER STREET WORKS, COLCHESTER. 
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GENT & Co., 


Faraday Works, 
IMEICESTER. 


Manufacture 

and, if required, instal 

The Simplest, Cheapest, 
and Best 


WATER-LEVEL 
INDICATOR 
AND RECORDER 


THAT 1S MADE 


For... 


Town Reservoirs, Asylums, Carge Works, §c. 


Catalogues and full particulars post free. 


Patentees & Sole Makers of the 


DRY-INK MARKING WATCHMAN’S TELL- TALES. 





London Oftice: 40 & 41, Upper Thames St., E.C, 


Also 67, High Bridge, Newcastle-on-Tyne; and at Glasgow and Belfast. 





BOOKS RECEIVED. 


THE ENGINEER IN SOUTH AFRICA. A review of the 
industrial situation in South Africa after the war, and a 
forecast of the possibilities of the country. By Stafford 
Ransome, M.Inst.C.E. Westminster: Archibald 'Constahhe 
& Co., Ltd., 2, Whitehall Gardens. 1903. Price 7s. 6d. 


INTRODUCTION to METALLURGICAL CHEMISTRY 
FOR TECHNICAL STUDENTS. By J. H. Stansbie, 
B.Sc. (Lond.), F.1.C. Bristol: John Wright = Go: 
London: Simkin, Marshall, Hamilton, Kent & Co., Ltd. 
1903. Price 4s. 6d. net. 


JAHRBUCH FUR DAS EISENHUTTENWESEN By 
Otto Vogel. Dusseldorf: Kommissionsverlag von A. Bagel. 
1903. 10 marks. 


SUBJECT MATTER INDEX OF MINING, MECHANI- 
CAL, AND METALLURGICAL LITERATURE FOR 
THE YEAR 1900. Edited by the Secretary, M. Walter 
Brown. Newcastle-upon-Tyne: Published by the Institute. 
1902. Price £2 2s. 

ANDERSON'S DISTANCE TABLES BETWEEN PORTS 
IN ALL PARTS OF THE WORLD. North Shields 
Wilson & Gillie. New York: Michael Rupp & Co. 1903. 
Price 3s. 6d. 


CATALOGUES RECEIVED. 

TWENTY-FIVE YEAR'S PROGRESS IN FINAL AND 

SANITARY REFUSE DISPOSAL. By W. Francis 
Engineering.” Issued by 
the British Association for the Advancement of Science, 
Southport Congress, September, 1903. This pamphlet 
sketches in full the progress made during the past twenty- 
five years in the final and sanitary disposal of civic waste. 
It has been generally conceded for a long time past that the 


Goodrich. 1903. Section G.: “ 


only system of disposal which is at once final and sanitary, 
is that of disposal by fire. Other methods have been tried, 
such as tipping on land, tipping at sea, sorting and utilisa- 
tion, and in America a process of garbage reduction, but it 
may be fairly said that real progress has only been made 
with one system—-disposal by the agency of fire. A quarter 
of a century ago destructors had been adopted in two towns 
only: one at the Water Street depét of the Manchester 
Corporation, and the other at Beckett Street, Leeds. Both 
these are still in use. The remarkable evolution from low- 
temperature to high-temperature working alone has made 
the refuse destructor possible. To compare the recorded 
temperature with the old “‘ Behive” Destructor at Nelson, 
in 1887, with the temperature now obtained by a modern 
destructor in that town, is to at once appreciate the progress 
which has been made. To-day, at Nelson, a considerable 
amount of power is available for electric lighting and trac- 
tion—in fact, some 40 Board of Trade Electrical Units are 
generated from each ton of refuse destroyed. Every attempt 
to secure and maintain a high combustion temperature has 
at the same time clearly demonstrated tlie value of the 
destructor as a power producer, and it has been established 
beyond all question, that as the destructor is perfected for 
the performance of its primary duty, so does it become 
more satisfactory in the performance of its secondary duty— 
the production of power. It is now genera'ly admitted that 
one ton of average refuse is capable of generating a similar 
quantity of high-pressure steam. No less than 63 towns 
have adopted destructors in combination with electricity 
works. To-day 1,650 destructor cells are either in opera- 
tion, or in course of erection in 180 towns in Great Britain, 
together with no less than 300 steam boilers, as against 12 
destructor cells 25 years ago. Large British destructors 
have also been erected in Australia and New Zealand. 
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Electrical Equipment. 


The India Rubber, Gutta Percha, | 
and Telegraph Works Co., Ltd., | 


ELECTRICAL ENGINEERS & CONTRACTORS. j 
Manufacturers of 


SILVERTOWN | 


DYNAMOS, MOTORS, SWITCH-BOARDS, CABLES, &c. 


Wires. Batteries. Insulators. Carbons. Arc Lamps & Fittings. 
Instruments. Torpedo Apparatus. 


SILVERTOWN VULCANISED INDIA RUBBER 
Hose. Driving Bands. Steam Packing. 

Sheet, Valves, Washers, Buffers, Tubing, Solid Cord, Springs, Shoe Soles, 
Mats, Brake Blocks, Wheel Tyres for Cabs, Carriages, Cycles, etc. 
Roller Covers. Football Bladders. Lawn Tennis Balls. 
MOULDED GOODS TO ANY PATTERN. 


SILVERTOWN EBONITE 4 


Insulators. Speaking Tubes. Surgical Appliances. Screw Stoppers. 4 
Battery Cells. Sheet and Rod. Photographic Articles. Pumps. 8 
SPECIALITIES IN EBONITE FOR CHEMICAL WORKS. } 


SILVERTOWN GUTTA PERCHA 
Tubing, Belting, Buckets, Bosses for Flax Spinning, Golf Balls, Sheet, 
and Tissue. 


SILVERTOWN WATERPROOF GARMENTS & FABRICS. 
Coats, Capes, Hats, Hospital Sheeting; Water and Air-proof Beds, Pillows, 
and Cushions; Baths, Life Belts, Diving Dresses, and all classes of z 
Proofed Goods. 


BRANCHES : 

Home— Abroad— tf 

BELFAST: 33, High Street. BRISBANE: Edward Street. 

BIRMINGHAM: 27, Albert Street. BUENOS AYRES: Calle Reconquista, 140 and 142. i 

BRADFORD: 1, Tanfield Buildings, Hustlergate. BULAWAYO (RHODESIA): Willoughby Buildings. ; 
BRISTOL: 28, Clare Street. CALCUTTA: 1-1, Fairlie Place. 

CARDIFF: Pierhead Chambers, Bute Docks. CHRISTCHURCH (N.Z.): 234, Cashel Street. 
DUBLIN: 15, St. Andrew Street. DURBAN (NATAL): 213, West Street. 

* GLASGOW : 8, Buchanan Street. MELBOURNE: 274, Flinders Street. } 
LIVERPOOL: 54, Castle Street. PERTH (W.A.): 131, Queen’s Buildings, William St. 4 
MANCHESTER: 9, Sussex Street (City). SYDNEY: 279, George Street. 
NEWCASTLE-ON-TYNE: 59, Westgate Road. 
PORTSMOUTH: 49, High Street. FRANCE: Ofices—o7, Boulevard Sebastopol, PARIS. F 
SHEFFIELD: 1, Fitzalan Square. Works—PERSAN (Seine-et-Oise). a 


Works: SILVERTOWN, LONDON, E. 


Head Offices and Warehouses: 100-106, Cannon St., LONDON, E.C. 


Offices—‘* SILVERGRAY, LONDON.”’ 
Telegraphic Addresses \ works «* GRAYSILVER, LONDON.” 
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ist of every month. 


Post free from Office, any address 9s. per 
annum, At all Bookstalis and News- 
agents, Gd. per copy. 


An edition on fine art paper can be obtained 
at the rate of 12s. Gd. per annum. 


Manager--CHAS. H, LUKE, 


Advt. Representatives : 
HERBERT H. HEYWORTH. 
C. J. BOWERMAN. 


Agents. 
UNITED STATES :— 
The International News Co., 83, Duane 
Street, New York. 
CANADA :— 
The Montreal News Co., Ltd., 386-388, St. 


FEILDEN’S MAGAZINE is published on the | 






James Street, Montreal; and The Toronto 
News Co., Ltd., 42, Yonge Street, Toronto. 
AUSTRALIA and SOUTH AFRICA:— ‘ 

Gordon & Gotch. 
CHINA, JAPAN, and STRAITS SETTLEMENTS :;— 

Kelly & Walsh, Ld. 
INDIA :— 

Thacker & Co. 

Direct representation in other parts of the World. 


Address all communications and remittances, and make 
drafts, cheques, and money orders payable to the Head 
Office 

THE FEILDEN PUBLISHING CO., Ltd., 

Gwydir Chambers, 104, High Holborn, 
LONDON, W.C. 
Telegraphic Address—‘‘ impregnate, London.”’ 
Nat. Telephone—1049 Holborn. 

The whole of the contents of this publication is copyright 

and full rights are reserved. 








CATALOGUES RECEIVED. 
(Continued from page 16.) 


THE INTERNATIONAL ELECTRICAL ENGINEER- 
ING CO., Clun House, Surrey Street, Strand. Bulletin 
No. 18, giving detailed description and illustrations of this 
company’s “ Universal” Electric Crab. This crab is prim- 
arily designed as being suitable for small works, and can be 
adapted to all existing hand cranes without any alterations 
being necessary. It is constructed on the lines of a crab 
for a modern travelling crane, and embodies all the principal 
points of same. The crab is constructed in three types, 7.¢. 
for 1°25, 2°5, and6h.p. Each of these types is constructed 
for different loads, from 1 to 12°5 tons. 


THE CONSOLIDATED PNEUMATIC TOOL CO., LTD., 
Palace Chambers, 9, Bridge Street, Westminster. We have 
received from this firm special circulars Nos. 2, 3, 4, and 5. 
No. 2, illustrating and describing at length their air com- 
pressors and hoists for all requirements. No. 3, illustrating 
and describing the Chicago Rock Drill, of which they are 
the manufacturers, and for which they claim that it is very 
economical in operation, consuming only 42 cub. ft. of free 
air per min. Its mechanism is very simple, and its entire 

weight is 50 lbs. Demonstrations have proven conclusively 

that it performs the work in one-twentieth of the time re- 
quired by hand. No. 4, demonstrates their “‘ Tynan” 

Patent Heater and Annealer, its portable features, few con- 

nections, and lightness rendering its application general in 

performing work of an almost inaccessible character, and 
making it indispensable for a great variety of work in ship- 
yards, shops, etc. 


THE HORSFALL DESTRUCTOR CO., LTD., Leeds. A 
brochure by Monsieur J. Leurs, Head of the Public Works 
Department of the city of Brussels, entitled ‘‘ La Nouvelle 
Usine d’Incineration Immondices de la ville 
Bruxelles.” This booklet contains a description of the new 
Horsfall Destructor erected in Brussels, and recently set to 
work, together with some particulars of the reasons for 
which this plant was adopted in preference to any other, 
and a description of the auxiliary equipment which has been 
laid down by the city authorities. 


des de 








THE CAMBRIDGE SCIENTIFIC INSTRUMENT CO., 
LTD., Cambridge. An illustrated catalogue of this firm’s 
Duddell Patent Oscillographs, of which they are the sole 
makers. Also of callenderos apparatus for measuring the 
mechanical equivalent of heat. 


BEANLAND, PERKIN & CO., School Close Works, Leeds. 
List of a new double hack saw to be put on the market, for 
which it is claimed that the time required for cutting off 
girders, etc., is reduced by one-half. 


NOTICES. 


Messrs. Royce, Ltp., of Hulme, Manchester, have now com- 
pleted and started up the new works they have erected at 
Trafford Park, Manchester, for the manufacture in quantity 
of dynamos and motors. The works cover a large area, and 
include a fully-equipped iron foundry, are electrically driven 
throughout, and have been expressly designed with a view 
to promoting rapid and economical production. They are 
equipped with the latest automatic and other machine tools 
and labour-saving devices, the resultant economy in the 
manufacture of their standard lines of machines having been 
such as to enable them to reduce their prices, and thus meet 
the very keen competition prevailing. 


WE regret to announce the death of Mr. George Alexander 
Dick, the chairman and managing director of The Delta 
Metal Co., Ltd., of 110, Cannon Street, London. 


Tue Septic Tank Co., Ltd., of Victoria Street, Westminster, 
inform us that at Fredensborg Castle, where her Majesty 
Queen Alexandra is now a guest, a Septic Tank installation 
has recently been laid down by the Scandinavian Septic 
Tank Co., a branch company of the Septic Tank Co., Ltd., 
of Westminster. 


WE understand that the business of the British Westinghouse 
Electric and Manufacturing Co., Ltd., in the Birmingham 
neighbourhood, has necessitated the establishment of a new 
district office situated at Central House, New Street, Bir- 
mingham. This new branch is under the management of 
Mr. G. K. Chambers, formerly contract manager of the 
British Insulated Wire Co. 
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West’s Gas 








Co., Ltd., 


Gas and General 
Engineers, 


Albion Ironworks, 
Miles Platting, 
MANCHESTER. 


National Telephone :;— Telegrams:—“* STOKER, MANCHESTER.” 
No. 1339, Manchester. “RADIARY, LONDON.” 


Codes: A.B.C. 4th Edition, and Lieber’s. 


WEST’S 
Stamped Steel CHAINS 


for Elevators, Conveyors, ana 
Driving purposes. 


\) COAL, COKE AND ASH CONVEYORS. 
COAL AND COKE BREAKERS. 


COAL STORING PLANTS 
for Gas and Electric Light Works. 











Compressed Air Driven and Manual 


CHARGING AND 
DRAWING MACHINERY, 


for Gas Retorts. 


AIR COMPRESSORS and COMPRESSED- 
AIR MOTORS. 
2s ao 
Catalogues. and Particulars sent on request. © 
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DAVEY, PAXMAN & Co., Ltd. 


COLCHESTER, England. 


ENGINES AND 7" PAXMAN’S 
BOILERS a | PATENT 
OF VARIED ta | : , Sees | INDEPENDENTLY- 
TYPES a. | ee. oe FIRED 
AND SIZES : ca! SUPERHEATERS 
TO MEET ie — = em AND 
ALL a yA \ = CONDENSING 
REQUIREMENTS, 9 = ae PLANTS. 


LATEST DESIGN HORIZONTAL COUPLED COMPOUND ENGINE 
Fitted with Paxman’s Patent Drop Valve Gear. 


PAXMAN’S “ECONOMIC” BOILER. 


a a BOILERS: 


IMPROVED “SV” VERTICAL ENGINE. LANCASHIRE, 


SIMPLE AND COMPOUND LOCOMOTIVE, 


PORTABLE AND SEMI-FIXED WATERTUBE, 


ENGINES. bate 1G) “ , 
: 3 AND “ESSEX” PATENT 
AIR COMPRESSING, WINDING Sin a VERTICAL TYPES. 


AND PUMPING ENGINES. 


“ PEACHE” HIGH-SPEED 4 South African Office— 
ENGINES. aa | Ry aa BS feges P.O. Box, 2037 


London Office— <} 10 — aN 7; , 14 & 15, STEYTLER’s 


78, QUEEN VICTORA BUILDINGS, 
STREET, E.C. COMPOUND PORTABLE ENGINE. JOHANNESBURG. 
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Steam Engines. 
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LISTER DRIVE.—LIVERPOOL CORPORATION. 


1,200-1.H.P. TRIPLE-EXPANSION SETS 


FOR ELECTRIC TRACTION-POWER AND LIGHTING. 

















WILLANS ¢ ROBINSON. 2) Ruepy. ENcLAND 
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LITERARY CONTENTS. OCT., 1903. 





SPECIAL ARTICLES. 


The Valve-gears of Modern Mill Engines. By CHARLES HURST ... 
Trouble Prevention on Electric Mains. By J. H. C. BROOKING, A.M.I.E. E. 
The Restoration of Dangerously Crystalline Steel by Heat Treatment. By 

J. E. STEAD, F.R.S., and ARTHUR RICHARDS : nes su 
Rivet Spacing in Merchant Vessels or at onde ‘By e <. 


Eatery: a New Text- — By W. C,H 
ec 


Some ent Viaducts.. 


NOTES ON LOCOMOTIVE AND RAILWAY. ENGINEERING. 


New Great Central Route to London 
London to Sheffield without a Stop 
Superheated Steam for Locomotives 


American Locomotives in England 
Railway “ Records” and the Press 


TOPICS OF THE MONTH. 
British Empire Trade .. 


The Education of Engineers. 


Mr. Andrew amare Presidential Address | before the Iron and Steel 


Institute ee 


ENGINEERING ABSTRACTS. 


List of Publications Reviewed 


Materials and Measurements. 
Porcelain for Electric Work . 
The Testing of Bitumen 
Protective Saasegs for Iron and Steel 


Constructional. 
A Reinforced Concrete Floor 
Concrete Foundations .. 
The ‘theory of Skew Arches . : 
Portland Cement and Blast Furnace aes . 
The Fatigue of Cement 
Stresses on Skew Arches 


Metallurgy. 

The Influence of Silicon on Iron. 

The Burning and Over- wae of Steel 

Sorbitic Steel Rails... 

Some Further Experiments on 1 the Diffusion 
of Sulphide through Steel ’ 

Nickel steel for Pur s of Construction . 

An Introduction to t e Study of Alloys ... 

The Restoration of Daigerously Crystalline 
Steel by Heat Treatment ... 

New Applications of Alumino-thermite with 
Iron and Steel 

The Influence of Varying Casting Tempera- 
ture on the Properties of Alloys ... 

Researches on Maganese Steels 


Prime Movers. 

Steam Turbines.. 

Performance of an Internal. Combustion 
Engine... 

A Peculiarity of Explosion Motors... 

The Steam Turbine from an Operating 
Standpoint aka 

Testing Gas Engines ... 

A New Theory of Heat- Power Plants (con. ) 

Entropy . 

Experiments on the Efficiency of Non-con- 
ducting Coverings for Steam Piping 


Traction. 
Relation of Speed to Curvature 
Petrol Motors for Locomotion 
Report on Mr. Young’s Return relating t to 
Permanent Ways ‘ 


WORKSHOP PRACTICE. 


Questions and Answers 


REVIEWS... ... 
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Mechanical. 

Dimensions for Flanged Shaft Couplings .. 366 
Speeds of Cranes and Economic Handling 

of Material .. 366 
Design for a Circle or Arc Slide-rest 367 

Applied Electricity. 

External Conductivity of Silver Wires im- 
mersed in Water... 367 
Speed Regulation of Continuous- current 
Motors.. ‘ 367 
Use of Electro-motors in Small Industries . 368 
Industrial Applications of Electrical Power 368 
The Edison-Jungner Accumulator .. 368 
The Use of Electrolysis in the rs of 
Inorganic Products ... 369 
Electrolysis by Alternate Currents... 369 
Railway and Lighting Storage Battery « at 
Milwaukee ... ae 369 
Arc Lamps for Street Lighting oe 370 

Lighting, Heating, and Ventilation. 

‘ Ventilation of Factories and Workshops ... 370 
Testing Heat Plants ... 371 
Modern Heating, Lighting, and Power Gas 371 
Tests of a ee 8-ft. Fan and 

Engine... ae ws aes 372 

Works innsenngs. 

Modern Pattern Shop Practice 372 
A Re-modelled Piece-Work System “ 373 
Gauges and Standards as affecting Shop 

and Manufactory Administration 373 
Preparation for Factory Management . 374 
The Premium System of Remunerating 

Labour.. sa 374 
The Orga iis tion, Maintenance, and Man- 

agement of a Modern Pattern Shop 375 

Water and Sanitary. 

Experimental Treatment of Sewage con- 
taining Trade Waste at Huddersfield 375 
Sterilisation of Drinking Water by Ozone . 375 
The Practical Value o a ‘Tests 
for Bacillus coli in Water .. ane 375 

Miscellaneous. 

Raising Water by Compressed Air .. 376 
The Corrosion of Metals in Sea-water 376 
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f Been SMA aac Seeam-Dricen Motor 
x\ i BIEQEN pA 1 Vehicles, §c. 





Automobile Club of America 
Commercial Vehicle Contest. 








Gold Medal awarded our E type 
Wagon in above. 


FF F 


‘*“GCOMPLETE SATISFACTION ” 
“REPAIRS NIL” 


“FOURTH HALF-YEAR HAS BEEN MOST 
SATISFACTORY ” 


“SHE IS GOING AS WELL OR BETTER 
THAN A NEW ONE” 


Are Verdicts of our Customers on @ 
the running of our Heavy Motor 


Wagons. 
er FF F 


T. COULTHARD & Co, 
pica: “cola England. 
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Manufacturers by 
SIEMENS’ OPEN 
HEARTH PROCESS 


only. 
BRIDGES 
ccs LOCOMOTIVES, 


STEFL PLATES [= ete bles 


ALSO ANGLES, TEES, FLATS, ZEDS, CHANNELS, ETC. 


SPECIAL STEEL for FIRE-BOXES—** DALZELL THREE-CROWN SWEDISH”; 
also other Special Qualities of Stee! to tests, as may be arranged. 


On War Office and Admiralty Lists. * Stee/ supplied to leading Boiler, Ship, Bridge and Locomotive 
Contractors to British, Foreign,and # Builders and Railway Companies. ; 


For... 


BOILERS, SHIPS, 





































a Colonial Governments. # WEEKLY CAPACITY EXCEEDS 5,000 TONS. 
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li. TW 
of EIEDEN sae 
Established 1860. ae ee 


HUDSWELL, CLARKE & Co., Ltd. 


RAILWAY FOUNDRY, LEEDS. 
LOCOMOTIVE ENGINES, 























Of all sizes and any gauge of Railway, of greatly improved Construction, for Main or Branch Railways, 
Contractors, Ironworks, Collieries. Prices, Photographs, and full Specifications on application. 








SOLE MAKERS OF THE “‘RODGERS” PULLEYS (Registered), 
Wrought Iron throughout, Rim, Arms and Boss. 
ALSO “ETCHELLS’” NON-DRIP BEARINGS, SHAFTING AND ACCESSORIES. 


PECKETT & SONS, “*“vons'"* BRISTOL. 


Speciality: Tank Locomotives, of all sizes and gauges, of improved construction and latest design, | 


Telegraphic Address— 
* PeckETT, BRISTOL.” 





od i 























Telephone Number— 
NATIONAL 7306. 





Established 1864. 
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Steel Specialities. 
Packings. 








MANUFACTURERS 
MILD Sy PLATES for Ships, Boiler and Bridge biding , ANGLES, 
Bars, Tees, and all forms of for constructive 


purpose ont 

GASTI wee of ay kinds and largest sizes for Ship Stems, Stern Posts, Anchors, 

FORGINGS "ot every description. AXLES or highest quality to meet 
a of ways. 





Home and Colonial Railwa 
and Wagon, to all requirements. 
SPEGIAL STEEL of all kinds used for constructive purposes, 








PACKINGS 


= Good enough 


H.M.S. ‘*TERRIBLE,”’ R.M.S. ‘‘ CAMPANIA,” 
H.M.S. ‘*‘ LEVIATHAN,”’ R.M.S. ‘* LUCANIA,” 
H.M.S. ‘*KING ALFRED,” R.M.S. ‘*KILDONAN CASTLE,” 
H.M.S. ‘‘GOOD HOPE,”’ R.M.S. ‘*‘ BRITON,” 
H.M.S. ‘* DRAKE,”’ R.M.S. ‘* TUNISIAN,” 
H.M.S. ‘‘ BEDFORD,”’ S.S. ‘‘NEW YORK,” 
H.M.S. ‘‘ ESSEX,”’ &c., &c., 


Are worth YOUR consideration. 


UNITED STATES METALLIC 
PACKING CO., Ltd., 


Soho Works, BRADFORD. 
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LOST ORDERS 
UNREMUNERATIVE ESTIMATES 
EXCESSIVE EXPENSES 
WASTED TIME & 


BUSINESS LEAKAGES which often 
explain the difference between 
PROFIT AND LOSS 
can be obviated by using 


, L.B. Card System. 


WRITE 


| LIBRARY BUREAU, Ltd., 
| 10, Bloomsbury St., 
LONDON, W.C. 


12, Exchange Street, MANCHESTER. 
| BRANCHES : 58, The City Arcades, BIRMINGHAM. 
Union Buildings, St. John Street, NEWCASTLE-ON-TYNE. 
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Cablewaps. 








JOHN M. HENDERSON & CO., 


a KING STREET ENGINEERING WORKS, Codes used :— 
wade’ ABERDEEN SCOTLAND. DP ec 
ABERDEEN.” Contractors to the Admiralty, War Office, etc. & “ABC” (4thed.) 


Henderson P Henderson 


CABLEWAYS, A : P SCOTCH DERRICK CRANES. 
Yj rs = Improved Design. 
For Quarrying and Mining. / 5 \ 
Bridge and Viaduct Con- d Steam, Electric or Hand Power. 
struction. p= a Design strong, Speeds quick. 
Dock Excavations and Ai ey Henderson 
Construction. RANES, 
Dam and Pier Construc- ‘ 
tion, ALU, Lyi _ ’ 
Canal and Trench Work, ‘ t ) . AND E CRANES 
Etc., etc. Sf {4 All Types made for Hand, 
Henderson i t fy pe Steam or Electric Power. 


AERIAL ROPEWAYS | = Eaeterese 


over Level or Hilly Lands | 
Cheaply and Expeditiously. * i] For Cutting, Drilling, 

o Lifting, Sawing, Turning, 
Henderson Polishing, etc, 


HOISTING AND CONVEYING << Henderson 
DEVICES. ROCK DRILLS 
For all purposes. REGISTERED TRADE MARK (Air and Steam). 


EV EVE DI DID 


A TRIBUTE__.—!,. 
*“FEILDEN’S MAGAZINE is full of valuable and well-written 


matter for the engineering trades, which show, by the circulation the 











magazine has attained, that they thoroughly appreciate this really 
splendid trade journal. Beyond this, however, the magazine has a deep 
interest for commercial men generally, in its very able trade articles.” 


—The Walsall Observer, Saturday, September i9th, 1903. 


ESSAI DUNN 
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CPSSILDENS SSAORIE High-Speed Engines. 








BROWETT, LINDLEY & CO. Lro. 


Patricroft, MANCHESTER. 


High-Speed - - 
Self-Lubricating 
Steam Engines. 


STANDARD SIZES 
From 20 to 5,000 H.P. 





180-K.W. THREE-PHASE PLANT. 


Sub-Licensees to Messrs, Easton & Co., Ltd., for 
The SCHMIDT PATENT SYSTEM FOR DEALING WITH 
HIGHLY SUPERHEATED STEAM. 





LONDON OFFICE: 6, OLD QUEEN ST., WESTMINSTER, S.W. 


Representative for Scotland: JOHN A. RUDD, 177, West George St., Glasgow. 











Kindly mention FEILDEN’s MAGAZINE when applying to Advertisers. 








A)\ 


, 
ed 


lak 
1 


qa 
>) 
) 
eS | 
tee 
< 
cs 
a 
a 
‘7 
= 
= 
i = 
; LJ 
wv” 
s 
a 
— 
Ww 
rod 
S$ 
3 


eG 











“ONLLHON] DIMLIAIW AOA SHNIODNA TVDLLUAA GNNOdAWOD 


‘uc! BwoO|iddy uo eeuy 380g 
SONZOl[VIVO PS RwuIsN}}) 


‘PIO 943 
JO S1J8q [IV Ul YOM 38 
souj3uq 000'Zz Jo Spremdy 2B 


“LNV1d SNINII 


“ dO NOLdIYOSad § 
AYSAa ANV § 
(punodwod pue ejdujg) 


S3NIDN3 WVALS 


‘4JO SYaAVN 
‘NTOONIT pau] 


“SHNIONA GHX1d TV.LNOZINOH UNNOdMWOD GaTdN0D 


“‘Pepusmy siepow 
40420 PpuB PICD OSs 4EA0 


‘THOM SHL AO SLUVd TIV NI 
SHIONSDV INV SHHONVYE 


‘O'2 ‘L33ULS VIHOLOIA N33NO ‘6 


—smo00y MoyS pues 
8299130 NOGNO’l 


‘GNVI9SNS*** 


‘N"IOONI1 
‘syuOM Oqo|5 


“Od ¥F AUTON 











Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 








Ree ioer 
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CHARLES WINN « CO. 


SCREWING MACHINES 4% 


FOR TUBES or BOLTS stocks e vis. 








IT IS WORTH YOUR WHILE TO BUY DIRECT. 


The Reliance Lubricating Oil Go. 
Manufacture and Supply the Best and Cheapest 
HIGH-CLASS 
NON-CORROSIVE LUBRICATING OILS 
AND SOLIDIFIED GREASES 
Sperm, Olive, Lard, Castor, Neatsfoot, Colza and 

Linseed Oils, Tallow, &c. 


THE RELIANCE LUBRICATING OIL CO., 


19 & 20, Water Lane, Great Tower St., LONDON, E.C. 
also 99, Great Clyde Street, GLASGOW, and 
1, Sandhill, Quayside, NEWCASTLE-ON- TYNE, 


Telegrams: “‘SUBASTRAL, LONDON.” 
Telephone No,; AVENUE 5891. ABC CODE USED. 





Twelve Issues of 


FEILDEN’S MAGAZINE 


will be sent, post free, 
to any address in the 
wor'd for 9/-; Edition 
de Luxe, 12/6. 











Centrifugal 
Pumps ana 
Pumping 
Engines 


For Docks, Circulating 
Purposes, Salvage Work, &c. 


DRYSDALE& CO. 


Bon Accord Engine Works 
GLASGOW. 


oe BON ACCORD, 
Address: GLASGOW. 





The “ BUFFOLINE” 
NOISELESS GEAR Co., 





LEVENSHULME, 
MANCHESTER, 
Are the largest makers of 
NOISELESS GEARS 
IN THE WORLD. 


Bevels; Spurs, 11 ft. 
diam.; and Worm 
Gearing. 








Send for our new 
aici “Red Book.” 
Contractors to British Government. 





B7185. 








Che “Shaw’”’ 
PATENT STEAM VALVES. 


Special Advantages: 
Bronze Metal Renewable Seat, In- 
SS] terchangeable Concentric Valve, Self- 
Centering under any variation in the 
| wear or strain of the spindle; Special 


|| Packing to Valve Spindle. Material 
and Workmanship of the very best. 


Correspondence invited. 


JOSEPH SHAW, 








Albert Works, HUDDERSFIELD. 
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The Busy 
Engineer 











will find the 


ENGINEERING 
ABSTRACTS 


published in 
FEILDEN’S MAGAZINE useful as 
a time-saver in enabling him to obtain 
the essence of all the important articles 
appearing in the British, American & 
European press without the necessity 
of looking through a mass of current 
literature. 





The abstracts are made by 


Specialists, HAN DYS IDE 








and are accompanied in many cases by D ERBY & LOND ON 


diagrams, 




















THE BRITISH ELECTRIC CAR CO., Ld. 


lie ot he 


THE “8.E.” STANDARD CAR. 


TRAMWAY AND LIGHT RAILWAY CAR BODIES AND TRUCKS. 


Head Office: 1, 2, and 3, Oxford Court, Cannon St., London, E.C. 
~~~ yf y+) epee WORKS: TRAFFORD PARK, MANCHESTER. 
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Our OUTPUT of 


MILLERS 


From JANY. 1, 1903, 
To SEPT. 10, 


HAS BEEN 


IOI MACHINES. 


» 


“ PERFECT” VISES, J. PARKINSON & SON, 
a Seen ee SHIPLEY, Yorks., Eng. 


GEAR-CUTTING MACHIPFES. 


STEAM HAMMERS 


ALL KINDS AND SIZES 


* FOR «- 


~ FORGES AnD SMITHS’ SHOPS. 


DAVIS & PRIMROSE, 
Great Junction Street, 
EDINBURGA. 














IMPORTANT NOTICE. 





A Special Subscription Rate for the 
ORDINARY EDITION of FEILDEN’S MAGAZINE 


has now been established, viz., 


9s. Per Annum, 
Post Free to any Address. 
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Machine Tools. 


GEORGE RICHARDS & Co., Ltd. 


BROADHEATH, near MANCHESTER. 
HIGH-CLASS MACHINE TOOLS. 
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ILLUSTRATION OF 6-FEET BORING AND TURNING MILL. 


BORING & TURNING MILLS Specialities : 


‘ sys SIDE PLANING MACHINES. 
With New Patent Positive Feeds, UNIVERSAL FACING & BORING 


In sizes ranging from 24 ins. to 1oft., and in aot caaaaeae 
extended types up to 16 ft. , 


PULLEYS & LINE SHAFT FITTINGS. 
SPECIAL LIST SENT FREE ON APPLICATION. SAND BLAST APPARATUS. 





Kindly mention FEILDEN’S MAGAZINE when applying to Advertisers. 














Luke & rb era 


STOURBRIDGE Ltd. 
BROADHEATH, 


FIREBRICKS ’ MANCHESTER. 


Telegraphic Address 
“Emery, Altrincham.” a> 


National Telephone: 
“ Altrincham, 49.” Manufacturers of 


for , GRINDING. 
\ amd . «2 « 


= Ae POLISHING 
HIGH TEMPERATURES. be \ a MACHINES 





E. J. & J. Pearson, Ltd., ov ZZ tl Nit ane 


SS: Ze" Enlarged 
Stourbridge. 2-7. Catalogue, 
Established 1860, Pp cooteation. 




















NOTICE.—The Steamers of this Line come W 
“alongside the Prince’s Stage, Liverpool, to land 
} mx «or embark Passengers without the intervention of 
Tenders, and London passengers depart from or 
arrive at the Riverside Railway Station on the 
INAUGURATED JULY 4rx, 1840. Quay adjoining. 





PASTEST SHIPS BETWEEN LIVERPOOL AND NEW YORK. 


Boston on Saturdays and Tuesdays LARGEST SHIPS BETWEEN LIVERPOOL AND BOSTON. 
The Twin-Screw Ships “Ivernia’ and “Saxonia,” which sail between 


FITTED WITH MARCONI SYSTEM OF WIRELESS ail 
TELEGRAPHY, ———n | 


UNSURPASSED ACCOMMODATION at MODERATE FARES for ALL CLASSES and for ALL STEAMERS. 


For Gibraltar, Malta, Syra, Smyrna, Constantinople, Patras, Corfu, 
MEDITERRANEAN SERVICE. Gun teen, Satie aa Catania, Brintiat, Bart, 
Freavent Freicut Saiines From Liverroor Ancona, Fiume, Trieste, and Venice. 


HAVRE SERVICE. Freight steamers trom Liverpool and Havre weekly. 


@@" For full particulars apply at the Company’s Offices ; in New York, at 29, Broadway ; in Boston, at 99, State St. ; in Havre, at 23, Quai d’ Ouéens 5 
in Paris, at 2 bis, Rue Scrive; in London, at 32, Cocksour St., S. Ww. and 93, Bishopsgate St., E.' C7 Fj in Manchest ester, at 18, Brazennose St. : 
Glasgow, at 30, Jamaica St. ; in Leith, at Exchange Buildings ; in Beifast, at 43 Queen's Sq. ; in Queenstown, at Cunard Wharf; or to 


THE CUNARD STEAM SHIP COMPANY, LIMITED, 


™ 8, Water Street, LIVERPOOL. a 


‘indly mention FEILDEN’S MAGAZINE when applying to Advertisers. 
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CNTES. 


POE 


GLAPHAN 


ESTABLISHED 1832. 










Makers of 


“THE ECLIPSE” 
SPECIALITIES 


and 


GAS PLANT OF EVERY DESCRIPTION, 
MAINS, VALVES, &c. 
Wellington, Nelson & Market St. Works, KEIGHLEY. 


KE & SO & eC OM Sd A N y Manufacturing Opticians, - - - 
9 Electricians, and Model Makers. 

COMPLETE SHIP MODELS 

—A SPECIALITY. 
Electric Ships’ Bells and Indicators. 
Scientific Apparatus of every Description to order. 
Estimates on application. 

SHIP MODEL FITTINGS, on one-fourth and one-eighth inch 


scale, always in stock or progress, as supplied by us to the principal 
Shipbuilders at home and abroad. 











Models made to any size or Scale. Inventors’ Models carefully made to instructions. 
Office and Works: 47-57, Oxford Street, GLASGOW. 
Telephone No. 5142. Telegraphic Address—* MODEL, GLASGOW.” 








'~ A. RUTHERFORD & 60, 


Neptune Works, BIRKENHEAD, 


SHIPBUILDERS and REPAIRERS, 
ENGINEERS and BOILER MAKERS. 
a) 


Every description of Launch, . . 
Barge, Lighter, Surf Boat, &c. . 


ca a) 
Builders to the 
BRITISH and FOREIGN 
ADMIRALTIES and the 
ROYAL NATIONAL 
LIFEBOAT INSTITUTION, 
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Dynamos. Arc Camps. Motors. 
Announcement. 








Feo ol Dynamos 


of 


Motors roKNy 
Are Lamps aaa 
Meters 3 19. weseeeasis 


Uses 


- 


UNION ELECTRIC 


151, Queen Victoria, St., Co., Ltd. 
LONDON, E.@. 


Binding Cases for vol. viii. of “Feilden’ s Magazine” 


are now in course of preparation and 
will shortly be ready. The case is an 
elegant production, carried out in gold 
a GF anin . > ae ; and black upon an art-green ground, and 
4 | ft Reiki oS forms one of the most striking and unique 
7 TiT- : | illustrated book-covers it is possible to 
conceive. It possesses an individuality 
entirely its own, and a character at once 
emblematic and patriotic. Those who 
have preserved their copies of the Maga- 
zine and want to have them bound up in 
this handsome case, should transmit their 
: orders at once. 
THEE F BN 3 Prices, &c., are as follows: 
WORLDS —_) \™h BINDING CASES, best art canvas 
RECORD pe NS cloth, with special design (illustrated 
OF NOS and described herewith), Price 2/6 ; 


INDUSTRIAL = ? ; _ packed and sent post free, 2/10. 


JA \ f] \\ i BOUND VOLUMES COMPLETE (arr- 
PROGRESS s( WG, Vee. Parer Epition). These can be sup- 

‘ cag & plied by us in cloth (style as described) 
10/6, or in special binding (half calf 
or morocco) 12/6. 


4 
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Address :— Publishing Cepartment, FEILDEN'S MAGAZINE, 
Gwydir Chambers, 104, High Holborn, Lonpon, W.C. 
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“P,D.M.” —. 


MOTORS. 
In Sizes to 150 B.H.P. 


ENCLOSED or SEMI- 
ENCLOSED TYPES. 


® 
Motor-Generators, 
Balancers, Boosters. 


J Rs & 
-, PHOENIX DYNAMO 
MFG CO. 


Thornbury Works, 


Bradford, YORKS. 
30-B.H.P. MOTOR. 300 REVS, ; 1 


HL V. KRAMER & CO., 


MANCHESTER, BATH, GLASGOW. 


TAPPING f} TO SUPERSEDE PNEUMATIC AND OTHER TYPES, 


ELECTRIC DRILLS. 


Our new ‘‘RUNTHRU” Motor Brace, 
with two speeds, is the most efficient Drill 
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Back Numbers. 


A few Back Numbers are still in print. Early application for same should be made. 


The price 


is Gd. (Ordinary Edition) and 18. (Edition de Luxe) from Bookstalls and Newsagents; or 
9d. and 1s. 3d. post free, any part of the world, from the Publisher, 


JANUARY, 
American Reciprocity. 
High-Speed Engines. [Illustrated.]} 
Valtellina Electric Railway. [lIllustrated.] 
Some Arctic Industries. [Illustrated.] 
The Edinburgh Cable Tramways System. 
Madison Park Bridge. [Illustrated.] 
Electric Power in Shipbuilding Works. 


1902. 


(Illustrated. } 


[I llustrated.] 


FEBRUARY, 1992. 

Evaporative Surface Condensers. [Illustrated.] 
Recent Developments in Lighthouse Engineering. [lllus.] 
The Mathematical Laws Gov. rning the Development of Profit 

in Industry and Commerce. [Illus.] 
Testing the Magnetic Qualities of Materials in Bulk. [Illus.]} 
Recent Improvements in Water-Softening Apparatus. [IIlus.] 
New Patent Switch. [Illustrated.] 
Electric Winding Gear. [lIllustrated.] 
The Royal Commission on Coal and the Coal Duty. 
American Workshop Methods in Steel Construction. 


MARCH, 1902. 
New Electrical Plant on the South-Eastern and Chatham 
Railway. (Illustrated. ] 
High-Speed Engines. [{Illustrated. ] 
Evaporation of Liquors. [lllus.] 
History of the Water-Tube Boiler Controversy. [Illustrated.] 
Improved Meteorological Instruments. [lllustrated.] 
Rockville Stone Arch Railway Bridge. ([Illustrated.] 
A New Feed Check-Valve. 
American Practice in Electric Traction. 
Industrial Peace. 
Inventors and Manufacturers. 
Vibration on Tube Railways. 


APRIL, 1902. 
Standardisation. 
Improvements in the Manufacture of Cereal Food. 
Notes and Comments on Industrial Topics. 
History of the Water-Tube Boiler Controversy (con. ). 
Machinery in the Tea Industry. [Illustrated.]} 
The mf of a Locomotive. [Illustrated.] 
The Nicaragua Canal Project. [Illustrated.] 


MAY, 1902. 

Silver-Lead Mining at Broken Hill, N.S.W.  [Illustrated.] 
The Manufacture of Portland Cement. [Illustrated.] 
Machinery in the Tea Industry (continued). [Illustrated.] 
High-Speed Engines (continued). [Illustrated.] 
The Connections of Switchgears for Electric Light and Power 

Purposes egg Illustrated. } 
The Kitson Li {Illustrated.] 
The National Broysical Laboratory. 


{Illus.] 
{Illus.} 


[Illustrated.] 


JUNE, 1902. 

Ventilation and Humidity in Mills and Factories. [Illus.} 

The Design of High-Speed Steam Launches. [lIllustrated.] 
Finding the Velocity of Projectiles. ([Illustrated.] 
Compressed Air and Bore-wells. [Illustrated.] 
Laundry Engineerin [Illustrated.] 
The Connections of Gwiachgento for Electric Light and Power 

Purposes. [Illustrated.] 


JULY, W1902. 
Some Notes on British Bridge Work. 
A Short Cut to the Metrical System. 
Machinery in the Tea Industry (continued). 
Modern Portable Engines. [Illustrated.] 
Diagonal Engines for Paddle Steamers. [Illustrated.] 
Engine-Type Generator. [Tllustrated.] 


[Illustrated.] 
(Illustrated.] 
(Illustrated. ] 


AUGUST, 
Electric Tramway Enterprise. 
Floating Graving Docks. [Illustrated.] 
Laundry Engineering (continued). [lIllustrated.] 
British and American Mining Machinery on the Transvaa 
Goldfields. [Illustrated.] 
Modern Portable Engines. [Illustrated.] 
An Interesting Operation in Bridge Construction. [Illustrated.] 
Notes on Beams: Bending Moments and Moments of Resist- 
ance. [Illustra 


1902. 


[Illustrated.] 


ted.] 
Diagonal Engines { for Paddle Steamers. 


SEPTEMBER, 1902. 
The Cowlairs Incline Engine. [Illustrated.] 
The reg KY Flywheels. [Illustrated.] 
The South Wales and Bristol Direct Railway. 
Lighting of Towns by Electricity. [Illustrated.] 


OCTOBER, 1902. 
Propeller- Shafts. (Illustrated. ] 
Electric Pumping in Great Britain. [Illustrated.] 
High-Speed Eng ie (continued). [Illustrated.] 
Machinery in the Tea Industry (continued). [Illu trated.] 
A Record of British Enterprise on the Continent. [Illustrated.]} 
The New Generating Plants of the Niagara Falls Power Co. 
(Illustrated. ] 
Durban Floating Dock. [Illustrated.] 
Foundry Cupolas, [Illustrated.] 


NOVEMBER, 1902. 
Demolition of the Bugsworth Tunnel. [Illustrated.] 
The Analysis of Trial Trip Data of Steamships. [Illustrated. ] 
Our Scales for Weighing. [Illustrated.] 
Laundry Engineerin; (Illustrated. ] 
Modern Compound Conmnediven (Illustrated. ] 
The New Generating Plant of the Niagara Falls Power Co. 
(Illustrated.] 


{Illustrated. 


DECEMBER, 1902. 

The Smoke Problem and its Possibilities. [Illustrated.] 
Standardisation of Electrical Machinery. [Illustrated.] 

The Aberdeen Cable Subway and Outfall Sewer. [Illustrated] 
The Footbridge for Building the Cables of the New East River 

Bri [{Ilustrated.] 

Modern es Locomotives (continued). 
Municipal v. Electrical Enterprise. 


JANUARY, 1903. 
Marine Engine Governors. [Illustrated.] 
New Dynamometer for Road Traction Experiments. 
—— ic Surveying. [Illustrated.] 
Laundry Engineering (continued). [Illustrated.] 
Electric Equ mans of the Antwerp Steelworks. 
The Hult Rotary Steam Engine. [Illustrated.] 
Nile Irrigation Works. 1.—The Delta. [Illustrated.] 
Some Notes on the Commercial Management of Electrica 

Tramways. [lIllustrated.] 


FEBRUARY, 1903. 

A 10,000-Volt High-Speed Electric Locomotive. 

High- Speed Engines (continued). [Illustrated.] 

erm ey Surveying (continued). [Illustrated.] 

A Method of Determining the Temperature of Exhaust Gases. 
({Illustrated.] 

Some Notes on the Commercial Management of Electrical 
Tramways (continued). [Illustrated.] 

Nile Irrigation Works. The Delta (continued.) [Illus.] 

The Commercial Development of Inventions. 

The Colonial Conference and Preferential Trade within the 
Empire. [Illustrated.] 

The Hewitt Mercury Vapour Lamp and Static Converter. [Illus. ] 


[Illustrated.] 


{Ilus.) 


[Illustrated.]} 


[Illustrated. } 


(Continued on page 45.) 
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MARCH, 1903. 


The New Ganz System of Electrical Canal Haulage. 

High-Speed Engines (continued). [Illustrated.] 

The Paris Metropolitan Railway. [Illustrated.] 

Alloys as Revealed by Modern Research. [Illustrated.] 

300- Kilowatt Triple-Expansion Engine at Middlesbrough 
Electricity Works. [Illustrated.] 

Gas-Engine Valve Gears. [Illustrated.] 

Entropy 

The Fi Ward. Leonard” System of Electrically 
Printing Machinery. [Illustrated.] 


APRIL, 1903. 


The New Beachy Head Lighthouse. [Illustrated. 

The Use of a Surveying Instrument in Machine-Shop Practice. 
(Illustrated. ] 

Nile Irrigation Works: 


{Illus.] 


Operating 


II1.—Upper Egypt (cont.). [Illustrated.] 
Byker Bridge (Widening), Newcastle-on-Tyne. _ [Illustrated.] 
The Paris Metropolitan Railway (continued). [Illustrated.] 
Laundry Engineering (continued). [Illustrated.] 

A Recent Advance in Bakery Engineering. [Illustrated.] 


MAY, 1903. 


Design of Flywheels. [Illustrated.] 

Construction of Docks. [Illustrated.] 

Some Remarks on the Compound Explosion Engine. 
High-Speed Engines (continued). ‘{lilustrated. } 
Modern Crane Construction. [Illustrated.] 

British and American Railroad Practice. 

Widening of London Bridge. [Illustrated.] 


{Illus.] 


JUNE, 1903. 


‘** Houille-Blanche” Congress in France. 
Wire-bound Ordnance. [Illustrated.] 
Premiums Systems of ——e Labour. ([Illustrated.] 
Nile Irrigations Works. Upper Egypt. [lllustrated.] 
A New Electric Signalling ‘Speen. (Illustrated. ] 

The Moseley Commission. [Illustrated.] 

Electrification of the Mersey Railway. [Illustrated.] 


[Illustrated.] 


JULY, 1903. 


Blast-Furnace By-Products and their possible Recovery. 
Coal Cutting by Machinery. (Illustrated. ] 

The “‘ Houille-Blanche ” C ongress in France (continued). 
The Construction of Docks (continued). [Illustrated.] 
Motor Car Racing. 

King Edward VII. Bridge over the Thames at Kew. 
Amendment of the Electric Lighting Acts. 
Engineering Conference. 


[Illus. 
(Illus. 


AUGUST, 1903. 


Sand-Blast Cleaning of Structural Steel. [Illustrated.] 

A New Integrating Planimeter. [Illustrated.] 

Notes on Locomotive and Railway Engineering. 

Case- Hardening. 

Scotch Bridge Building. [Illustrated.] 

King Edward VII. Bridge at Kew. [Illustrated.] 

The London County Council zw. British Steel. 

The Commissioners of the 1351 Exhibition and the Proposed 
Technical College for London. 

A New Suction Dredger. [Illustrated.] 

A Four-Cylinder Gas Engine. [Illustrated.] 

New Machinery at the Royal Show. [lllustrated.] 

Engineering Abstracts. 


{Illus. 


SEPTEMBER, 1903. 


Superheating by Wire-Drawing. [Illustrated.] 

Resultant Force and the Maximum Pressure in Retaining 
Wall Calculations. [Illustrated.] 

The Viaur Railway Bridge. ee 

Egyptian Water Problems. [Illus.] 

The ‘‘ Houille-Blanche ” Congress in France. [Illustrated.] 

The Burstin of Emery Wheels. [Illustrated.] 

The Diesel Engine. [Illustrated.] 

Notes on Locomotive and Railway Engineering. 

German Syndicates and British Industries. 

Modern Views of Matter. 

Engineering Abstracts. 


[Illus.] 
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A trial order solicited. Price, sample, and full parti 


sole FLEMING, BIRKBY & GOODALL, Limited, 


Makers; 
: LEATHER, HAIR, COTTON, ‘‘TEON,*’’ &c., BELTING MANUFACTURERS, 


39, Lime Street, WEST GROVE MILL, HALIFAX. 
LONDON, E.C. National Telephone 48. Telegrams, ‘‘ Fleming, Halifax.’’ 


THOS. W. WARD — 


Telegrams: ALBION WORKS, SHEFFIELD. 


‘“FORWARD, SHEFFIELD."’ 














py AMNAbY Neuer, Tie? 


HIGH-CLASS NEW MACHINE TOOLS 
IN STOCK FOR IMMEDIATE DELIVERY ... 


Send for Catalogues (New Issue) Post Free. 





1 ea -. Kindly mention FatLpgn's MaGAzine when afdlyinz to Advertisers, 
Vol. o9.—No. 51 K 
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HIGH-SPEED BRAIDING MACHINES, 


Protected by a series of Patents in all parts of the World. 
ENTIRELY ROTARY. DO FROM SIX TO 


NO RECIPROCATING vs TWELVE TIMES THE 
MOTIONS. WORK OF ORDINARY 
NO SPRINGS. MACHINES. 


Capable of a Speed ex- 
ceeding 250 revolu- 
tions per minute 
without undue wear 
or tear. 


@ 


Sold with a Guarantee 
from the Makers. 


@ 


Not an experiment— 
these machines are 
running 10 hours a 
day 300 days a year 
in some of the largest 
shops in the world. 


@ 


Built in the famous 
‘shops of .., 
VICKERS, 
SONS & MAXIM, 
which is sufficient 
assurance of the best 
of workmanship and 

16°Canniecr Macnine. material, 


Adapted for the covering of insulated electric wires and the manufacture of all forms of 
tubular braiding, shoe laces, corset laces, wicking, window cords, curtain cords, braiding 
for decorative purposes, fishing lines, rubber pacKing, trimmings, watch guards, elastic 
cords, etc. 


The HIGH-SPEED BRAIDING MACHINE CO., Ltd., 


7, Norfolk St., MANCHESTER. 
Telegrams—"CRUSOE,” MANCHESTER, 








Kindly mention FetLDEN’s MAGAZINE when applying to Advertisers, 








Of! ill Machinery. Dredgers. 


Lubrication. 








If you wish your Cylinder Oil to do duty 
where heavily pressed steam is used, the Oi! 
must have behind it a heavier pressure than 
the steam registers, or you spell FAILURE. 
In Manzel’s Patent Sight-Feed Automatic 
Oil Pump the feed Is positive and certain. It 
can be adjusted to the greatest_accuracy, 
and is not subject to disarrangement by high 
speeds, In using it YOU SCO 





Your oil may be all right when you put 
it Into that old-fashioned, condensing feed 
lubricator of yours; but it is not a quarter 
of the value as a lubricant when it reaches 
the faces where friction should be overcome 
—if you succeed in getting itthere. Manzel’s 
Patent Sight-Feed Automatic Oil Pump de- 
livers the oil to the cylinder, or steam chest, 
in practically a cool state. Any lubricating 
expert will explain to you what that means 
in efficiency. 


The saving in oil alone, by the direct 
application of it to the surfaces dealt with— 


properties undiminished, by the agency of a 
regular, accurate, systematic and positive 
feed—is incredible. Users of Manzel’s Patent 
Sight-Feed Automatic Oi! Pump find that it 
soon recoups the expense incurred, and not 
only cylinder oil is saved but the cylinders 
themselves. 


For fully illustrated Price List apply to 
F Dept, 





EFFICIENT LUBRICATION 


i.e. when applied, with = natural lubricating - 





FEED CAKE | 


Paani) || MACHINERY 
OF EVERY DESCRIPTION zMOST 
MODERN TYPE. SILO 2 WARE - 
HOUSE PLANT, HYDRAULIC PACK 
Lan Sole manufacturers 
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Send for copy of 


Offices + 48, West Recent Suet, PHiLuips’ Monthly Machinery Register, 


42 PRIZE MEDALS 3 together with 
AND Oe wourn | Electrical and Autocar Supplement, 
the world’s best medium for the Sale of New and 
“Secondhand Machinery of every description; 
should be of practical value to all Works’ Managers 
and Engineers, as many bargains are met with, 
SEND FOR SPECIMEN COPY AT ONCE. 
Price, 6d. Annual Subscription, 6/«-. Post paid to 
any address. 

Contractors to the Principal 


National Arsenals of Europe. CHARLES D. PHILLIPS, NEWPORT, Mon. 
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Are Light, Strong and Cheap, and are very extensively used for . . . 
Steam Boilers, Water Ballast Tanks, Fresh Water Tanks. 
When fitted with or. Compensation 


Rings will withstand the very highest 
pressures. 
e® 


MANUFACTURED AT... 


Kinning Park Ironworks, 





“HORSFALL” 
DESTRUCTORS 


insure— 
PERFECT ABSENCE OF NUISANCE, 
LOWEST COST OF LABOUR AND MAINTENANCE, 
MAXIMUM STEAM-RAISING CAPACITY. 
Sixty plants in active operation, burning over 3,000 tons of refuse per day. 


THE HORSFALL DESTRUCTOR Co., Ltd., LEEDS. 
LONDON OFFICE: 19, Old Queen Street, Westminster, S.W. 
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